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HETERQALKyLAMINO- SUBSTITUTED BXCYCLIC NITROGEN HETER0C7CLBS AS INHIBITORS OF 
P38 PROTEIN KINl^B 



The present invention relates to bicyclic nitrogen heteroqrcles. More 
5 particularly, the invention is concerned with certain heteroalkylamino-substituted 
dihydropyrimido[4,5'd]pyrimidinone derivatiyes, pharmaceutical preparations 
containing them, methods for their use as therapeutic agents, and methods for their 
manufacture. 

10 Mitogen-activated protein kinases (MAP) are a family of proline-directed 

serine/threonine kinases that activate their substrates by dual phosphorylation. The 
kinases are activated by a variety of signals including nutritional and osmotic stress, 
UV light, growth &ctois, endotoxin and inflanunatory cytokines. One group of 
MAP kinases is the p38 kinase group which includes various isoforms {eg., p38oc, 

15 p383 and pSSy). The p38 kinases are responsible for phosphorylating and 

activating transcription factors as well as other kinases, and are themselves activated 
by physical and chemical stress, pro-inflammatory cytokines and bacterial 
lipopolysaccharide. 

20 More importantly, the products of the p38 phosphorylation have been shown 

to mediate the production of inflanmiatory cytokines, including TNF and IL*1, and 
cyclooxygenase-2. Each of these cytokines has been implicated in numerous disease 
states and conditions. For example, TNF-a is a cytokine produced primarily by 
activated monocytes and macrophages. Its excessive or unr^ulated production has 

25 been implicated as playing a causative role in th<s pathogenesis of rheumatoid 
arthritis. More recently, inhibition of TNF production has been shown to have 
broad application in the treatment of inflammation, inflammatory bowel disease, 
multiple sclerosis and asthma. 
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TNF has also been implicated in viral infections^ such as HIV) influenza 
virus, and herpes virus indudii^ herpes simplex virus type- 1 (HSV-1), herpes 
simplex virus type-2 (HSV-2), cytom^alovirus (CMV), variceQa-zoster virus 
(VZV), Epstein-Barr virus, human herpesvirus-6 (HHV-6), human herpesvirus-7 
(HHV-7), human herpesvirus-8 (HHV-8), pseudorabies and rhinotracheitis, 
among others. 

Similarly, IL-1 is produced by activated monocytes and macrophages, and 
plays a role in many pathophysiological responses including rheumatoid arthritis, 
fever and reduction of bone resorption. 

The inhibition of these cytokines by inhibition of the p38 kinase is of benefit 
in controlling, reducing and alleviating many of these disease states. 

In one aspect, the present invention provides compounds represented by the 
formula: 




idiereih 

the subscript n is an integer of firom 0 to 3; 

is acyl, heteroalkyl, optionally substituted ar^eteroalkyl, heteroalkenyl, 
heteroaDcynyl, heteroaOcylcaibonyl, heterosubstituted cydoalkyl, 
heterosubstituted cydoalkylalky!, heterosubstituted cydoalkyl- 
alken;^, heterosubstituted cydoalk^alkynyl, heteroalkylsubstituted 
cydoalk^, optionally substituted heterocydyl, optionally substituted 
heterocydylalkyl, optionally substituted heterocyd)d spiro cydoalkyl, 
-(alkylene)-C(0)-R" or -(heteroalkyiene)-C(0)-R"; 

wherein: 
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R^^ is a]kyl» haloaOcyl, amino> monosubstituted amino, disubstituted amino, 
optionally substituted cydoalk^, optionally substituted cydoaDc^- 
alk^, optionally substituted ai]d, optionally substituted aralk^, 
optionally substituted heteroaryi, optionally substituted 
heteroaralkyi, hydroxy, or alkoxy; 
is each independently in each occurrence alkyl, halo, heteroalkyl or vinyl; 

R^ is hydrogen, alkyl, heteroalkyl, optionally substituted aryl, optionally 
substituted aralkyi, optionally substituted heteroar^, optionally 
substituted heteroaralk^, optionally substituted cydoalk^, 
cydoalkenyl, optionally substituted cydoalk^alkyl, haloalkyd, 
cyanoalk^, heterosubstituted cydoalkyl, heterosubstituted 
cydoalkyialk^, heteroalkylsubstituted cydoalk^, optionally 
substituted heterocyd^, optionally substituted heterocydyialkyl, 
-(alkyiene)-C(0)R^\ or -(heteroalkylene)-C(0)R^^ 

wherein: 

R^^ is alk^, haloalkyl, hydroxy, alkoxy, amino, monsubstituted 
amino, disubstituted amino, optionally substituted cydoalkyl, 
optionally substituted cydoalkylalkyl, optionally substituted ar^, 
optionally substituted aralkyi, optionally siibstituted heteroar]^, or 
optionally substituted heteroaralk^; and 
R^ is hydrc^en, alk^, or -(alk^ene)-COR^S 

and dieir individual isomers, racemic or nonracemic mixture of isomers, and dieir 

phamiaceutically accq^table salts thereof 

The compounds of formula I and their aforementioned salts are 
inhibitors of protein kinases, and exhibit surprisingly effective activity against p38 in 
vivo. Interestingly, the compounds of formula I do not ediibit activity s^ainst the 
T-cdl tyrosine kinase p56^^ at levds bdow about 10 |aM. The compounds can be 
used for the treatment of diseases mediated by the pro-inflammatory cytokines such 
asTNFandlL-L 

As used herein: 
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"Alk^" means a linear saturated monovalent hydrocarbon radical of one to 
six carbon atoms or a branched saturated monovalent hydrocarbon radical of diree 
to six caibon atoms* e,g.^ methyl» ethyi, n-propyl, 2-propyi, tert-hutyl, pentyi. 

"Alk^ene" means a linear saturated divalent hydrocarbon radical of one to 
six caxbon atoms or a branched saturated divalent hydrocarbon radical of three to 
six carbon atoms, eg., meth^ene, eth^ene, propylene* 2-methyl-propylene, 
pentydene. 

"Alken^ene" means a linear or branched divalent hydrocarbon radical 
containing from two to ten carbon atoms and also containing at least one carbon- 
carbon double bond, eg., «CH=CH-, -CH2CH=CH-, -C(CH3)=CH-, 
CH2CH=CHCH2-, and the like. 

"Alken^" means a linear monovalent hydrocarbon radical of two to six 
carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon 
atoms, containing at least one double bond, eg., ethen)d, propenyL 

"Alkyn^" means a linear monovalent hydrocarbon radical of two to six 
carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon 
atoms, containing at least one triple bond, e.gy ethynyl, propynyl. 

"Optionally substituted cydoalkyi" refers to a saturated monovalent cyclic 
hydrocarbon radical of three to seven ring carbons. The cydoalkyi may be 
optionally substituted independendy with one, two, or diree substituents sdected 
from alk^, optionally substituted phen)d, or -C(0)R (where R is hydrogen, allcyl, 
haloalkyl, amino, monsubstituted amino, disubstituted amino, hydroxy, alkoxy, or 
optionally substituted phen^). More specifically, die term cydoalkjd indudes, for 
example, cydoprop^, cydohexjd, phenylcydohex^, 4-caiboxycydohexyl, 
2-carboxamidocydohex^, 2-dimeth^aminocarbon^cydohex^. 

"Optionally substituted cydoalk^alk^" means a radical -R'R^ where R* is an 
alkyiene groiq> and R^ is a optionally substituted cydoalk^ group as defined herein, 
eg., cydoprop^meth^, cydohex^prop^, 3-cydohexyi-2-mcthyiprop^. 

"Acyl** means the group -C(0)R', where R* is hydrogen, alkyl, haloalkyl, 
heteroalkyl, optionally substituted ar^, optionally substituted heteroaryl, optionally 
substituted aralk^ or optionally substituted heteroaralkyl. 

"Alkoxy^, "aryloxy", " aralkyloxy", or "heteroaralkyioxy" means a radical -OR 
\^ere R is an alkyl, optionally substituted ar^, optionally substituted aralkjd, or 
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optionally substituted heteroaralkyl respectivet7» as defined herein> e.g.^ methoxy, 
phenoxy, pyridin-2-ylineth^oxy, benzyioxy. 

'Halo" or ^'Halogen,'" means fluoro, chloro, bromo, or iodo, preferably 
fluoro or chloro. 

"Haloalkyd" means alkyd substituted with one or more same or different halo 
atoms, eg., -CH2C1> *CF3> •CH2CF3, -CH2CCI3, and further includes those alkji 

groups such as perfluoroalkyl in which all hydrogen atoms are replaced by fluorine 
atoms. 

"Hydroxyalkyd" means an alley! radical as defined herein, substituted with 
one or more, preferably one, two or three hydroxy groups, provided that the same 
carbon atom does not cany more than one hydroxy group. Escamples are 
2-hydroxyeth^, 2-hydroxyprop^, 3-hydroxypropyi, l-(hydroxymethyi)-2-methyI- 
prop)d, 2-hydroxybut^, 3-hydroxybutyd, 4-hydroxy-but)d, 23-dihydroxyprop^, 

1- (hydroxymeth^)-2-hydroxyethyi, 23-dihydroxybut^, 3,4-dihydroxybut^, 

2- (hydroxymethyl)-3-hydroxyprop^, l-(hydroxymeth^)-eth^, 2-hydroxy-l,l- 
dimethyiethjd, 2-(hydroxymethyl)-propyi, l,l-(dihydroxymeth)d)-eth)d, 1-methyl- 
2,3-dihydroxyprop)d, l-(hydroxymeth)d)-2-hydroypropyl, l-hydroxymethyl-2- 
meth^prop)d, 1-hydroxymethyl-but^, 1-hydroxymethyI-pentyd, 1-hydroxymethyl- 

3- methyl-butyi, l,l-dimeth)d-2-hydroxyeth)4, l-(hydroxymethyl)ethyl, 2,3- 
(dihydroxy)-l-methyiprop^, 2,3-(dihydroxy)-l,l-dimeth)dpropyl, l-(hydroxy- 
metfi^)-2-hydroxyprop^, and l-(hydroxymethyl)prop)d, preferably 2-hydroxy- 
ethyi, 2,3-dihydroxyprop^ and l-{hydroxymethyl)-2-hydroxyethyl, 

"Monosubstituted amino" means a radical -NHR where R is aDc^, heteroalkyi, 
haloalkyl or an optionally substituted cydoallqd, cydoalk^alkyl, aryi, aralk^, 
aralken^, heteroaryl, heteroaralk]^, heteroaralken^, heterocyd^, or 
heterocyd^alk^ group, eg., methylamino, eth^iamino, phenylamino, benzylamino. 

''Disubstituted amino" means a radical -NSR' where R and R* are, 
independently of eadi other, alkyi, heteroalk^ haloallc^, cydoalk^ or an optionally 
substituted cydoallq^alkyi, aryl, aralk^, aralken^, heteroaryl, heteroaialkyi, 
heteroaralkenyl, heterocydyl, or heterocyd^alkyl group, or R and R' together with 
the nitrogen atom to \diich tliey are attached form a heterocyd^ ring. Examples 
indude dimeth^^amino, methyietiiylamino, di(l-metiiyletiiyl)amino, piperazin-1- 
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"Optionally substituted arjd*' means a monovalent monocyclic or bicydic 
aromatic hydrocaibon radical of 6 to 10 ring atoms ^fAdch is substituted 
independently widi one or more substituents» preferably one, two, or three 
substituents selected from alk^, haloalkyd, heteroalkyl> halo, nitro, cyano, 
methyienedioxy, eth^enedioxy, cydoalkyi, optionally substituted phenyl, optionally 
substituted heteroarjd, haloalkoxy, optionally substituted phenoxy, optionally 
substituted heteroarjioxy, -COR (where R is alkyl or optionally substituted phenyl), 
-(CR'R'')n-COOR (where n is an integer bom 0 to 5, R* and R** are independently 
hydrogen or alk^, and R is hydrogen, alkyl, optionally substituted cydoalkyl or 
optionally substituted cydoalk)4alk)4) or -(CR'R'')n-CX)NR''R^ (vdiere n is an 

int^er from 0 to 5, R* and R'* are independently hydrogen or alkyl, and R^ and 
are, independently of eadi other, hydrogen, alk^, optionally substituted cydoalk^ 
or optionally substituted cydoalkylalk^, or R' and R^ together with the nitrogen 
atom to \^di they are attached form a optionally substituted heterocydyl ring). 
Examples indude phen^, 1-naphth^, and 2-naphth^, and the derivatives thereof. 

'^Optionally substituted aralkyl" means a radical -R^R^ where R* is an 
alkyiene group and R*' is an optionally substituted aryi group as d^ned herein, e:^., 
henzfU phen^eth)d, 3-(3-chlorophen^)-2-meth^pent^ 

"Optionally substituted aralken^" means a radical -R^R^ where R^ is an 
alkenylene group and R^ is an optionally substituted aryl group as defined herein, 
e.g.y 3-phenyl-2-propenyl. 

""Optionally substituted arylheteroalk^'* means a radical -R%^ where R^ is 
an heteroalkylene group and R^ is an optionally substituted ar^ group as defined 
herein, eg., 2-hydroxy-2*phen^etfa^, 2-hydroxy-l-hydroxymeth^-2-phen^eth^ 

"Optionally substituted phenyl" means a phenyl ring which is optionally 
substituted independently with one or more substituents, preferably one or two 
substituents sdected from alk)d, alkoxy, hydroxy, haloalk^, heteroalk^, halo, nitro, 
cyano, metiiylenedioxy, ethydenedioxy, cydoalkjd, cydoallqdalkyi, -COR (where R is 
alkyl or optionally substituted phenyl, -(CR'R**)ji-COOR (where n is an int^er 

from 0 to 5, R* and R" are independently hydrogen or alkjd, and R is hydrogen, 
alkyl, cydoalkjd or cydoalkylalkyl), or -(CR*R")n-CONR*R*' (where n is an integer 
from 0 to 5, R' and R" are indq>endently hydrogen or alkyl, and R^ and ^ are. 
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indq>endentt/ of each other, hydrogen, alkyl, cycloaQcyl or cydoaJk^alkjd, or and 

together with die nitrogen atom to ^lich thejr are attadied form a heterocyd^ 
ring). 

"Optionally substituted heteroaryl" means a monovalent monocyclic or 
bicydic radical of 5 to 12 ring atoms having at least one aromatic ring containing 
one, two, or three ring heteroatoms selected from N, O, or S, and the remaining 
ring atoms being C, mth the understanding that the attachment point of the 
heteroar^ radical will be on an aromatic ring. The heteroaryl ring is optionally 
substituted independently with one or more substituents, preferably one or two 
substituents, sdected from alkyl, haloalkyl, heteroallqd, halo, nitro, cyano, 
optionally substituted cydoalk)d> optionally substituted cydoalkylalkyl, -COR 
(where R is alkjd or optionally substituted phen^, -(CR*R'*)n-COOR (\^ere n is an 

integer from 0 to 5, R' and R** are independently hydrogen or alkyl, and R is 
hydrogen, dSkyly optionally substituted cydoalkyl or optionally substituted 
cydoalk)dalkyl), -NR*R^ (where R* and R** are independently of each other, 
hydrogen, aDcyi, optionally substituted cydoalkyl or optionally substituted 
cydoalkjdalkyl), or -(CR'R'')n-CONR*'R^ (where n is an integer from 0 to 5, R* and 
R** are independently hydrogen or alkjd, and and R** are, independently of each 
other, hydrogen, alkjd, optionally substituted cydoalk^ or optionally substituted 
cydoalk^alk)d, or R^ and R^ together with the nitrogen atom to which they are 
attached form a optionally substituted heterocyd^ ring). Examples indude, but are 
not limited to, pyridyl, fiiranyl, thienyl, thiazol)d, isothiazol^, triazol^, imidazol)4, 
isoxazolyl, pyrrol^i, pyrazolyl, pyrimidinyl, benzofruranyl, tetrahydrobenzofiuranyi, 
isobenzofriran^, benzothiazolyl, benzoisothiazolyl, benzotriazol^, indolyl, 
isoindolyl, benzoxazol^, quinolyl, tetrahydroquinolinyi, isoquinol)d, 
benzimidazolyl, benzisoxazolyi or benzothien)d, and the derivatives thereof 

"Optionally substituted optionally substituted heteroaralkyl" means a radical 
-R'R** where R* is an aJkylene group and R^ is a heteroaryl group as defined herein, 
e.g,y pyridin-3-)dmeth)d, 3-(benzofuran-2-yl)-propyl, and the like. 

"Optionally substituted heteroaralken^" means a radical -R'R^ where R' is 
an alken^ene group and R^ is a optionally substituted heteroar^ group as defined 
herein, eg., 3-(pyridin-3-yl)propen-2-^, and the like. 
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"Optionally substituted heterocydyl" means a saturated or unsaturated non- 
aromatic cyclic radical of 3 to 8 ring atoms in which one or two ring atoms are 
heteroatoms selected from N, O, or S(0)i| (where n is an int^er from 0 to 2), the 
remaining ring atoms being Q where one or two C atoms may optionally be 
replaced by a caibon^ group. The heterocyd]^ ring may be optionally substituted 
independently with one, two, or three substituents selected from alkyd, haloalkyl, 
heteroalk^> halo, nitro, cyanoalk)d, hydroxy, alkoxy, amino, monosubstituted 
amino, disubstituted amino, optionally substituted aralkyi, -(CR*R'')||*CX>R (where 

n is an int^er from 0 to 5, and R is alkyl or optionally substituted phen^), 
-(CR*R'')n-CX)OR {yibere n is an integer from 0 to 5, K and R* are independentfy 

hydrogen or aDc^, and R is hydrogen, alkyl, optionally substituted cydoalkjd or 
optionally substituted cydoalk^alk]d)> or -(CR*R'*)n-CX)NR''R^ (^ere n is an 
integer from 0 to 5, R' and R" are independently hydrogen or alk]d> and R* and R^ 
are, indqpendentty of each other, hydrogen, alk]d» optionally substituted cydoalk^ 
or optionally substituted cydoalkylalk]^, or R^ and R^ together with the nitrogen 
atom to vAddi they are attached form a optionally substituted heterocyd^ ring), or 
-S(0)nR*^ (\diere n is an integer from 0 to 2, and R^ is hydrogen (provided diat n is 
0), alkyi, haloalk^, optionally substituted cydoalkyl, optionally substituted 
cydoalkylalkyi, amino, monsubstituted amino, disubstituted amino, or hydroxy- 
aUc^). More spedfically the term heterocyd^indudestetrahydropyranyl, 
piperidino, N-mcthylpiperidin-3-yi, piperazino, N-methyipyrrolidin-3-^, 3- 
pyrrolidino, 2-oxo-pyrrolidin-l-]4, morpholino, tfaiomorpholino, thiomorpholino- 
1-oxide, thiomoxpholino-l,l-dioxide, l,l-dioxo-tetrahydrothiophen-3-)i, 
pyrrolinyi, imidazolinyl, 2-o»>-imidazolidin^, and the substituted derivatives 
thereof like l-(phenylmediyl)-piperidin-4-yl, l-(aminocarbon]^ineai^)-piperidin- 
4-^, l-(methyi5ulfonyl)-piperidin-4yl, l-(hydroxyefliyl)-piperidin-4-yl, l-(2,3- 
dihydroxypropyl)-piperidin-4-^, l-(2-cyanoethyl)-piperidin~4-^, l-(l-cyano- 
methyl)-piperidin-4-)d, l-(aminocarbonyimethyi)-piperidin-4-yl, l-(ethoxy- 
carbon)d)-piperidin-4-;^, l-(2-trifluoreth^)-piperidin-4-yi, piperidin-4-yl, 1- 
methylpiperidin-3-yl and l-meth^piperidin-4-yl. 

"Optionally substituted heterocydylalkyi" means a radical •R^R'' where R' is 

an alkylene group and R^ is a heterocydyl group as defined herein, 6l^., 
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tetrahydropyran-2-)dmeth^» 4-medx^pipeiazin-l-^eth^, 3-piperi(lin^metli^, 1- 
(dimeth^aininocaibonylmetfa)4)-piperidin-4-^med^^ l-(2-methoxycarbpiiyl- 
cthyl)-piperidin-4-yimethyi, l-(2-trifluoreth)d)-piperidin^-4-ylmeth)d, 1- 
(q^ometh)d)-piperidin^-4ylmethyJ, 1 - (aininocaibon)dmeth^)-piperidinyi-4- 
)dmethyi, l-(hydroxycaibon^meth)d)-piperidin)d-4-^bneth)d, 2-(piperidin-l-;^)- 
ethyl, 3-(piperidin-l-^)-propjd, 2-(morpIiolin-l-)d)-ethyi, 3-(morpholin«l-)d)- 
prop^, 2-(2-oxo-imidazolidon-l-^)-ethyi> 2-(2-oxo-pyrrolidm-l-^)-ethyl, and 
pynolidin- 1 -)d-eth^ 

"Heteroalkjd'* means an alkyl radical as defined herein with one, two or 
three substituents independently selected from -OR^ -NR^^ and -S(0)nR'* {yAiere 

n is an integer from 0 to 2 ). is hydrogen,aIk^, haloalk^, optionally substituted 
cycloalkyl> optionally substituted cydoalk^alk)d, optionally substituted heterocyd^, 
optionally substituted heterocydylalk]d» optionaUy substituted ar^, optionally 
substituted aralk^, optionally substituted heteroaryl, optionally substituted 
heteroaralk]d, alkox)rcarbon]d, optionaUy substituted arjdoxycaibonyl, 
carboxamido, or mono- or di-alkylcarbamo)d* R^ is hydrogen, aDcyl, haloalkyl, 
optionally substituted cydoalkjd, optionally substituted cydoallc^alk^, optionally 
substituted heteroqrdyl, optionally substituted heterocyd^ialkyl, optionally 
substituted ar)d, optionally substituted aralkyl, optionally substituted heteroaryd or 
optionally substituted heteroaralk^ R^ is hydrogen, alkyl, haloalk^> optionally 
substituted cydoalkyi, optionally substituted cydoalkylalk^, optionally substituted 
heterocydyi, optionally substituted heterocyd^alk^, optionally substituted aryi> 
optionally substituted arallqd, alk^sulfon^, alk^caibonyd, alkoxycarbon^, 
optionally substituted ar^oxycarbon]^> caiboxamido or mono- or di-allqdcarba- 
mo;^ R^ is faydrc^en (provided that n is 0), alk^, haloalkyl, optionally substituted 
cydoalkyi, optionally substituted cydoallq^alkyl, optionally substituted heterocyd^, 
optionally substituted heterocydjdalkyd, optionally substituted ar^, optionally 
substituted aralkyi, optionally substituted heteroaryl, optionaUy substituted 
heteroaralk^ anuno, monsubstituted amino, disubstituted amino, or hydroxyalkyl. 
When R** is hydrogen only, the term "heteroalkyi" indudes a subset which is frirther 
defined under 'liydroxyalkyl''. Examples indude 2-medLOxyethyl, benzyloxymethyl, 
thiophen-2-yldiiometh^, 2-hydTOxyeth^, 23-dihydroxypropyl, 3-ainino-2,2- 
dimeth^prop^, 3-dimethylaminoprop^, 3-metfayicarbonylaminoprop^, 3-amino- 
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2-hydroxyprop^, 2-ethox7-l-ethoxyinediylethyl> 2-dieth^axninoethyi> 2- 
metfaydthioediyl, 3-dimedi^aininoeth^, 3-dimetfaylaiiuno-2,2*dimetfa:^prop]^» and 
2-hydrox^eth^. 

''HeteroaQcylene" means a linear saturated divalent hydrocaifoon radical of 
one to six cazbons or a branched saturated hydrocarbon radical of three to six 
carbon atoms with one> two or three substituents independently selected from 
-OR*, -NR*^^ and -StOnR"* (where n is an integer from 0 to 2 ) where, K\ R^ R^ 

and R^ are as defined herein for a heteroalk^ radical. Examples indude, but are not 
limited to, 2-hydroxyethan-l,l-di^, 2-hydroxypropan*l,l-diyl and die like. 

''Heterosubstituted cydoaUcyl" means a cydoalkjd radical which is optionally 
independently substituted with one, two, or three substituents sdected from 
hydroxy, hydroxyimino (-NOH), alkoxy, amino, monosubstituted amino, 
disubstituted amino, oxo (=0), -OC(0)R^ (where R* is hydrogen, alkyl, haloalkyl, 
amino, monosubstituted amino, disubstituted amino, hydroxy, alkoxy, or 
optionally substituted phenyl), -OR^ (where R*' is hydroxyalkjd, haloalkyl, alkenyl, 
or alkoxyalk;^), -5(0)nR*^ (\^^ere n is an integer from 0 to 2, and R*^ is hydrogen 
(provided that n is 0), alkyl, haloalkyl, optionaDy substituted cydoalkyd, optionally 
substituted cydoalkylallqd, amino, monosubstituted amino, disubstituted amino, or 
hydroxyalkyd) or -NS(0)2R^ (where R** is alkyl, haloalkyl, optionally substituted 
cydoalk^, optionally substituted cydoalk^alkyl, amino, monosubstituted amino, 
disubstituted amino, or hydroxyalk^). Examples indude, but are not limited to, for 
example, 4-hydroxycydohex^, 2-aminocydohex^, (2-methoxyethoxy)cydohexyl, 
4-oxocydohex)d, 4-(methanesulfonylamino)cydohex]d, all^oxycydohexyl, and the 
like. 

""Heteroalkylsubstituted cydoalkyi*" means a cydoalk^ radical which may be 
optionally substituted with one, two, or three heteroalkyi groups as d^ned herein. 
Examples indude 1-hydroxymeth^-cydopent-l-yl, 2-hydroxymeth^-cydohex-2- 

yi 

"'Heterocydyl spiro cydoaUcjd" means a spiro radical consisting of a 
cydoalk^ ring and a heterocydic ring with each ring having 5 to 8 ring atoms and 
the two rings having only one caibon atom in conmion, with tiie understanding 
that the point of attadmient of the heterocyd^ spiro cydoalk]^ radical is via the 
cydoalk^ ring. The spiro radical is formed ^en two hydrogen atoms from the 
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same caxbon atom of the qrdoalkyl radical are replaced with a heterocydyi group as 
defined herein> and may be optionally substituted with alk)d, hydroxy, hydroxyalkyl, 
or 0X0. Examples indude l,4-dioxaspiro[4.5]decan-8-yi, 13-diazaspiro[4.5]decan- 
8-yi, 2,4-dione-13-dia2a-spiro[4.5]decan-8-yl, l,5-dioxa-spiro[5.5]undecan-9-yi, 
5 (3-hydroxymeth^-3-methyl)- 1,5-dioxa-spiro [5.5] undecan-9-)l 

"Leaving group" has the meaning conventionally associated with it in 
synthetic organic chemistry, an atom or group capable of being displaced by a 
nudeophile and indudes halo (such as diloro, bromo, iodo), alkanesulfon^oxy, 
arenesulfon)doxy, alk^carbon)doxy (e.g. acetoxy), arydcarbonydoxy, mes)doxy, 

10 tos)doxy, trifluoromedianesulfon)doxy> ar^oxy (e.g., 2,4-dinitrophenoxy), medioxy, 
N,0-dimeth^ydroxylainino, and the like. 

'Isomerism" means compoimds that have identical molecular formulae but 
that differ in the nature or the sequence of bonding of their atoms or in the 
arrangement of their atoms in space. Isomers that differ in the arrangement of their 

15 atoms in space are termed **stereoisomeis". Stereoisomers that are not mirror 

images of one another are termed "diastereoisomers", and stereoisomers that are 
non-supeiimposable mirror images are termed *'enantiomers", or sometimes optical 
isomers. A carbon atom bonded to four nonidentical substituents is termed a 
"chiral center". 

20 "Chiral isomer" means a compound widi at least one cfairal center. It has 

two enantiomeric forms of opposite cfairality and may exist either as an individual 
enantiomer or as a mixture of enantiomers. A mixture containing equal amounts of 
individual enantiomeric forms of opposite chirality is termed a "racemic mixture". 
A compound that has more than one diiral center has 2^^ enantiomeric pairs> 

25 where n is die number of diiral centers. Compounds with more than one diiral 
center may exist as either an individual diastereomer or as a mixture of 
diastereomers, termed a "diastereomeric mixture". When one diiral center is 
present, a stereoisomer may be characterized by &e absolute configuration ( R or S 
) of that chiral center. Absolute configuration refers to the arrangement in space of 

30 the substituents attached to the chiral center. The substituents attached to the chiral 
center under consideration are ranked in accordance with the Sequence Rule of 
Cahn, Ingold and Prdog. (Cahn et al. Angew. Chem. Inter. Edit 1966, 5, 385; errata 
511; Cahn et al. Angew. Chem. 1966, 78> 413; Cahn and Ingold /. Chem. Soc 
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(London) 1951, 612; Cahn et al. Experientia 1956, 12, 81; Cahn, J. ChenLEduc 
1964,41,116). 

"Geometric Isomers" means the diastereomers that owe their existence to 
hindered rotation about double bonds. These configurations are differentiated in 
5 their names by the prefixes ds-and trans- or Z and £> which indicate that the groups 
are on the same or opposite side of a reference plane identifiable as common among 
stereoisomers, for example, a double bond in the molecule or to designate positions 
of substituents on rings relative to one another according to the Cahn-Ingold- 
Prdog rules. 

10 "Pharmaceutically acceptable exdpient" means an exdpient that is usefiol in 

preparing a pharmaceutical composition that is generally safe, non-toxic and 
neither biologically nor otherwise undesirable, and includes an excipient that is 
acceptable for veterinary use as well as human pharmaceutical use. A 
"pharmaceutically acceptable excipient" as used in the specification and claims 

15 includes both one and more than one such exdpienL 

"Pharmaceutically acceptable salt" of a compound means a salt that is 
pharmaceutically acceptable and that possesses the desired pharmacological activity 
ofthe parent compound. Such salts indude: 

(1) add addition salts, formed with inorganic adds such as hydroddoric 
20 add, hydrobromic add, sulfiiric add, nitric add, phosphoric add, and the lik^ or 

formed with organic adds such as acetic add, propionic add, hexanoic add, 
cydopentanepropionic add, glycolic add, pyruvic add, lactic add, malonic add, 
succinic add, malic add, maldc add, fimiaric add, tartaric add, dtric add, benzoic 
add, 3-(4-hydroxybenzoi4)benzoic add, dnnamic add, manddic add, melhane- 

25 sulfonic add, ethanesulfonic add, 1,2-ethane-disulfomc add, 2-hydroxyetliane- 
sulfonic add, benzenesulfonic add, 4-chlorobenzenesulfonic add, 2-napthalene- 
sulfonic add, 4-toluenesulfonic add, camphorsulfonic add, 4-mediylbicydo[2^.2]- 
oct-2-ene-l-caibox^c add, ^ucoheptonic add, 3-phen^propionic add, 
trimeth^cetic add, tertiary butylacetic acid, laur^ sulfuric add, gluconic add, 

30 glutamic add, hydroxynaptfaoic add, salic^c add, stearic add, muconic add, and 
the like; or 

(2) salts formed when an acidic proton present in the parent compound 
dther is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an 
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aluminum ion; or coordinates i¥ith an organic base such as etfaanolamine, 
dietfaanolamine, triethanolamine, tromethamine, N-methyl^ucamine, and the like. 

Tro-dxugs" means any compound which releases an active parent drug 
according to Formula (I) in vivo when such prodrug is administered to a 
5 mammalian subject Prodrugs of a compound of Formula (I) are prepared by 

modifying functional groups present in the compound of Formula (I) in such a way 
that the modifications may be deaved in vivo to release the parent compound. 
Prodrugs indude compounds of Formula (I) wherein a hydroxy, amino, or 
sulftiydr)d group in a compound of Formula (I) is bonded to any group that may be 

10 deaved in vivo to regenerate the free hydroxy, amino, or suliSiydryi group, 

respectivdy. Examples of prodrugs indude, but are not limited to esters (e.g., 
acetate, formate, and benzoate derivatives), carbamates (e.g., N,N-dimeth)4amino> 
carbonyl) of hydroxy functional groups in compounds of Formula (I), and the like. 
"Protecting group" refers to a grouping of atoms that \^en attached to a 

15 reactive group in a molecule masks, reduces or prevents that reactivity. Examples of 
protecting groups can be found in T.W. Greene and P.G. Puts, Protective Groups in 
Or ganic Chemistry. (Wiley, 2nd ed. 1991) and Harrison and Harrison et aL, 
Compendium of Synthetic Organic Methods. Vols. 1-8 (John Wiley and Sons. 1971- 
1996). Representative amino protecting groups indude form^, acet^, 

20 tiifluoroa£etyi> benzyl, benzyloxycarbonyl (CBZ), teit-butoxycarbonyl (Boc), 

trimetfayl sil^ (IMS), 2-trimediyIsayl-etfaanesulfi3n^ (SES), trityl and substituted 
trit^ groups, aS^oxycaibon^, 9-fluorenylmetfa^oxycaibon^ (FMOC), nitro- 
veratr^oxycaibon^ (NVOC) and the like. Rqiresentative hydroxy protecting 
groups indude those where the hydroxy gioi^> is dtfaer ac^ted or aDc^ted such as 

25 benzyl and trit^ ediers as wdl as alk^ ethers, tetrahydropyran^ ediers, triaDc^silyi 
ethers and allyi ethers. 

Treating" or "treatment" of a disorder indudes: 

(1) preventing the disorder, ie., causing the clinical symptoms of the 
disease not to devdop in a mammal that may be exposed to or predisposed to the 

30 disease but does not yet experience or display symptoms of the disease, 

(2) inhibiting the disorder, le., arresting or redudng the devdopment of 
the disease or its dinical symptoms, or 
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(3) relieving the disorder, ie., causing r^ession of the disease or its 
clinical symptoms. 

"A therapeutically efifective amoimt" means the amount of a compound that, 
vAten administered to a mammal for treating a disorder, is sufficient to effect such 
treatment for the disorder. The "therapeutically effective amount" will vary 
depending on the compound^ the disorder state being treated, the severity of the 
disorder treated, the age and relative health of the subject, the route of 
administration, the judgement of the attending medical practitioner, and other 
fiictors. 

In one aspect, the present invention provides compounds represented by the 
formula: 



In the main embodiment of compounds of formula (I), R represents an 
ac^, heteroaDqd, optionally substituted ar]^eteroalk^, heteroalkenyl, hetero- 
alkyn]^, heteroallq^carbon;^, heterosubstituted cydoalk^, heterosubstituted 
cydoalkylalkyl, heterosubstituted cydoalkylalken^, heterosubstituted cydoalkyl- 
alkynyl, heteroalkyisubstituted cydoaOc^, optionally substituted heterocyd]^, 
optionally substituted heterocydylalkyi, optionally substituted heterocydyl 
spirocydoalkyl, -(alkylene)-C(0)-R" group or (heteroalkjdene)-C(0)-R'^ wherein 
R^^ represents an alkyl, haloalkyd, hydroxy, allcoxy, amino, monosubstituted amino, 
disubstituted amino, optionally substituted cydoalkyd, optionally substituted 
cydoalk^blkyl, optionally substituted aryl, optionally substituted aralk)d, optionally 
substituted heteroar)d or optionally substituted heteroaralkyl group. In a prefierred 
embodiment, R* is ac^, heteroalkyl, optionally substituted arylheteroalk^, 
heteroalkenyl, heteroalkynyl, heteroalkylcarbon^, heterosubstituted cydoalkyl. 




R3 



(I). 
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heterosubstituted cydoalkylalkji, heterosubstituted cydoaDcylalkenyl, 
heterosubtitutcd xycloaBcylalkyTijd, heteroalkyisubstituted cydoalkjd, optionally 
substituted heterocydyl, optionally substituted heteroqrd)dalkyd, -(alkylene)-C(O)- 
R"or -(heteroaIk)dene)-C(0)-R"; herein R^^ is alkyi, haloalkyd, amino, 
monosubstituted amino, disubstituted amino, optionaDy substituted cydoalk^, 
optionally substituted cydoalkyiallqd, optionally substituted ar)d, optionally 
substituted aralkyd, optionally substituted heteroaryl, optionally substituted hetero- 
aralk^> hydroxy or alkoxy. 

In a more preferred embodiment of the above main embodiment and 
preferred embodiment, R^ is heteroalkyl, optionally substituted aryiheteroalkyl, 
heterosubstituted cydoalk^, heterosubstituted cydoalkyialkyl, heteroalkyi- 
substituted cydoalkyi, heteroq^dyl or heterocydylalkyl, more preferably heteroalkyl 
or heterosubstituted cydoalkyi. In the embodiment where R^ is heteroalkyl the alkjd 
is preferably substituted with one or two substituent independentiy sdected from - 
OR"* or -NR'H*' wherein R* is hydrogen, R^ is hydrogen, alkyi and R*' is hydrogen, 
alkyl and alkylcarbonyi. Particular R* groups are 3-amino-2,2-dimeth5dpropjd, 3- 
dimethydaminoprop^, 3-methylcarbonyiaminopropyl, and 3-amino-2-hydroxy- 
propyi. In a preferred embodiment of heteroalkyl, R* is hydroxyalkyi. 

In the preferred embodiment of heteroalkyl ^ere R^ is hydroxyalk^ (R^ is 
hydrogen) sudi group is preferably sdected from 2-hydroxyetfayl, 2-hydroxyprop]4, 
3-hydroxypropyd, l-(hydroxymedi^)-2-meth^-prop^, 2-hydroxybutyl, 3-hydroxy- 
butj^, 4-hydro3cy-butyl, 23-dihydroxyprop^ l-(hydroxymedi]d)-2-hydroxyedi)d, 
23-dihydroxybutyl, 3,4-dihydroxybutjd, 2-(hydroxymethyi)-3-hydroxypropyi, 1- 
(hydroxymethyd)-ethyl, 2-hydroxy-l,l-dimeth^ethyl, 2-(hydroxymethyi)-prop)d, 
I,l-(dihydroxymethyl)-eth)d), l-meth)d-23-dihydroxypropyl, l-(hydroxymethyl)' 
2-hydroypropyl, l-hydroxymedi^-2-methydpropyi, 1-hydroxymethyl-butyl, 1- 
hydroxymeth)d-pent^, l-hydroxymethyl-3-methyl-butyl, l,l-dimethyl-2-hydroxy- 
ethyd, l-(hydroxymethyl)ethyi, 23-(dihydroxy)-l-meth)dprop)d, 23-(dihydroxy)- 
1,1-dimeth^propyl, l-(hydroxymethyl)-2-hydroxypropyl, and l-(hydroxymeth)d)- 
propyl. In still other preferred embodiments, R* is a group having a tetrahedral 
carbon atom attached to the nitrogen atom, more preferably having lower alkyl 
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groups attached to that carbon atom. More preferably the hydroic/alk^ inR^isl- 
hydrox^-2-meth^-2-propyl and l-hydroxy-2-propyl. 

In the embodiment where is "heterosubstituted cydoalk^" the cydoalk^ 
5 group is preferably optionally independently substituted with one, two, or three, 
preferably one, substituents selected from hydroxy, hydroxyimino (=NOH), 
allcoxy, amino, monoalkyl substituted amino, dialkylsubstituted amino, oxo (=0), 
'OC(0)R' (where R^ is hydrogen, alk)i, amino, monoalk^ubstituted amino, 
diallqdsubstituted amino, -OR^ (where R^ is hydroxyaOqd, alken^, or alkoxyalkyl), 

10 -S(0)nR*^ (where n is an integer from 0 to 2, preferably 2, and R^ is hydrogen 

(provided that n is 0) or alk^) or-NS(0)2R** (where is alk)d, amino, monoalkyl- 
substituted amino, or dialkjdsubsdtuted amino. More preferably, the hetero- 
substituted cydoalkyl is 4-hydroxycydohex;^, 2-aminocydohex^, (2-methoxy- 
ethoxy)cydohex^, 4-oxocydohexyl, 4-(methanesulfon^amino)cydohex^, allyloxy- 

15 cydohex)d, 2-hydroxycydohex^, 4-methoxycydoalk^, 4-meth^carbonyloycydo- 
hex^, 23-dihydroxypropyloxycydohexyl, 4-(hydroxyimino)cydohexyi, 4-(methyl- 
sulfon^amino)cydohexyl, 4-(dimethylaminosulfonylamino)cydohexyi, 4- 
form^doxycydohexjd, 4-(metho3cycarbon^oxy)cydohexyi, 4-(aminocaibonyl- 
oxy)cydohex>d, or 4-(N-meth3dcarbon)doxy)cydohexyl, with 4-hydroxycydohexyl 

20 (induding cis- or trans-4-hydroxycydohexyi) being most preferred. 

When is "optionally substituted heterocydyl'*, the heterocyd^ ring is 
preferably optionally substituted independendy with one, two, or three, prefisrably 
one, substituents sdected from allq^, haloalk^, heteroalkyl, preferably hydroxyalkyl, 

25 cyanoalkyl, aralk^, preferably phenylalk^, -CR'R'')n-COR (where n is an int^er 
from 0 to 5, and R is alk^), -(CR'R")n-COOR (where n is an int^er from 0 to 5, R' 
and R" are hydrogen, and R is hydrogen or aDqd), or -(CR*R")n-CONR*R'* {whtse n 
is an int^er from 0 to 5, R' and R" are hydrogen, and R^ and R^ are, independently 
of eadi other hydrogen or alk^) or -S(0)nR^ (where n is an integer from 0 to 2, 

30 preferably 2, and R^ is hydrogen (provided that n is 0) or alkjd). More spedfically 
"heterocydyl" is tetrahydropyranyl, piperidino, piperazino, N-medi^pyrroIidin-3- 
yl, 3-pyrroIidino, 2-oxo-pyrrohdin-l-yl, morpholino, thiomorpholino, thiomor- 
pholino-l-oxide, thiomorpholino-l,l-dioxide, l,l-dioxo-tetrahydrothiophen-3-^. 
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pyrrolin^> imidazolinyl and 2-oxo-imidazoIidinyl which are optionally substituted 
as mentioned before with piperidino derivates such as N-meth)4piperidin-3-yl, 1- 
(phcn^meth^)piperidin-4-yl, l-(aminocarbon^ethyl)piperidin-4-yi, l-(methyi- 
$ulfonyl)piperidin-4-^, l-(hydrox)reth)d)piperidin-4-)d, l-(2,3-dihydroxypropyl)- 
piperidin-4-yl, l-(2-cyanoethyl)piperidin-4-yl, l-(l-cyanomethyl)piperidin-4-yi, 1- 
(aminocaibonyinieth)d)piperidin-4-^, l-(ethoxycarbonyl)piperidin-4-^, l-(2- 
trifluoreth)d)piperidin-4->d, l-(dimeth^aminocarbon^meth)d)-piperidin-4-^, 
l-(2-methQxycarbon>dethyl)-piperidin-4-yi, and l-{hydroxycarbonylmethyl)- 
piperidin-4-yl being more preferred. 

Where is "optionally substituted heterocycl)dalk)d" the heterocyd^ group 
is preferably as defined for "heterocydyl" as defined for hereinafter. Most 
preferably the heterocydylaDqd is l-(dimethyiaminocarbonyimeth)d)'piperidin-4- 
yhneth)d, l-{2-methoxycarbonyieth)d)-piperidin-4-yimeth^, l-(2-trifluorethyi)- 
piperidinyl-4-^ethyl, l-{cyanometh^)-piperidin^-4-^niethyi, I-(amino- 
carbon)dmeth^)-piperidinyi-4-)dmeth)d, l-(hydroxycarbonylmethyi)-piperidin)d- 
4-)dmeth)d, 2-(piperidin-l-yl)-eth^d, 3-(piperidin-l-yl)-prop)d, 2-(morpholin-l- 
)d)-ethyl, 3-(morpholin-l-yi)-propjd, 2-(2-oxo-imidazolidin-l-)d)ethyl, and 2-(2- 
oxo-pyrroIidin-l-yl)ethyL 

Where R* is lieteroalkyisubstituted cydoaDc^** the cydoalkyl radical may be 
optionally substituted with one, two, or duree, preferably one, heteroalkyi, 
preferably hydroxyalk^, groups as defined hereinbefore. Preferably such groups are 
1-hydroxymcthyi-cydopent-l-yi and 2-hydroxymeth^-cydohex-2-yL 

When R^ is "optionally substituted heterocydyl spiro cydoalkyl" it is 
preferably l,4-dioxaspiro[4.5]decan-8-^, l,3-diazaspiro[4.5]decan-8-yi, 2,4-dione- 
13-diaza-spiro[4.5ldecan-8-yl, l,5-dioxa-spiro[5.5]undecan-9-yl and (3-hydroxy- 
methyl-3-meth^)-l,5-dioxa-spiro[5.5]undecan-9-^d. 

Returning to formula I, R^ represents alkyi, halo, heteroalkyi or vinyl and 
can be attached to the phen^ ring at any of the remaining five valences otiierwise 
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occupied by hydrogen. The subscript n is an integer of from 0 to 3, indicating that 
the phen^ ring is substituted by from zero to three groups. For those 
embodiments in which two or three groups are present, each can be independent 
of Hie other(s). In a preferred embodiment of the compounds of formula I and the 
preferred embodiment of R^ mentioned above, n is 1 or 2 and each R^ is halo or 
alkyl, especially metb^, more preferably R^ is halo. Still further preferred within 
this embodiment are those embodiments in which -*(R^)n represents 2-halo or 2,6- 
dihalo, more preferably 2-chloro or 2,6-dichloro or where -(R^)ii represents 
2-medi^ 

In the compounds of fonnula (I) R^ represents hydrogen, alk^, heteroalkyl, 
optionally substituted aryl, optionally substituted aralk^, optionally substituted 
heteroar^, optionally substituted heteroaralkjd, optionally substituted cydoallqd, 
cydoalkenyl, optionally substituted cydoalk]dalk^, haloalkyd, cyanoaOcyd, hetero- 
substituted cydoalkyd, heterosubstituted cydoaUc^alk^, heteroalk^ubstituted 
cydoalkyl, optionally substituted heterocyd^, optionally substituted hetero- 
cydylalkyi, -(alkyiene)-C(0)R^^ or -(heteroalkylene)-C(0)R^^; wherein R^^ 
represents alkyl, haloalk^, hydroxy, alkoxy, amino, monsubstituted amino, 
disubstituted amino, optionally substituted cydoalkyl, optionally substituted 
cydoalk]dalkyl, optionally substituted aryl, optionally substituted aralk^, optionally 
substituted heteroar^ and optionally substituted heteroaralk^. 

In a preferred embodiment, R^ is selected from hydrogen, alk^, heteroalkjd, 
aryl, especially phen^, aralkyl, especially phen^meth^, cydoalkyl, haloaUcyi, 
cyanoalk^, heterosubstituted cydoalkyl, hetorocyd^, -(alk^ene-C(0)-R^\ wherein 
R'^ representy alk^ hydroxy, alkoxy, amino, monoaDcylsubstituted amino and 
dialkjdsubstituted amino. 

In a more preferred embodiment, R^ is sdected from hydrogen, alkyl, 
cydoaDc^, haloalkyi, heteroalk^, heterocyd^ and heterosubstituted cydoalk^ 
More preferably R^ is hydrogen, allq^, haloalkjd or heteroalk^ In a particularly 
preferred embodiment, R^ is hydrogen. In another particularly preferred 
embodiment, R' is methyl. In yet another group of particularly preferred 
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embodiments, is haloalk^, especially 2 A2-trifluoreth)d, or is hcteroalkyl, with 
2-ethoxjr-l-etfaoxymetfi^dethyl, 2-dicth^aminoeth^, 2-mcth^thioeth^, 3- 
dimethylaminoethyl» 3-dimethylamino-2,2*dimethyipropyl> and 2-hydroxyeth^ 
being particular preferred heteroalkyl groups. 

In compoimd of fiDrmiik (1) R"* represents hydrogen, alkyi, and -alkylene- 
COR^^ In a preferred embodiment, especially regarding the main and preferred R* 
embodiment mentioned before, R^ represents hydrogen. Where R* represents 
-alkyiene-COR^' it is preferably -CH2CONH2. 

In addition to the compounds described above, the present invention 
includes all pharmaceutically acceptable salts of those compounds along with 
prodrug forms of the compounds and all isomers whether in a pure chiral form or a 
racemic mixture or other form of mixture. 

Still further, combinations of the preferred groups described above will form 
other preferred embodiments. In one group of the main, the preferred, and more 
preferred R^ embodiments R^ is heteroalkyl, R^ is halo or meth)d, R^ is methyl, and 
n is 1 or 2. 

In another group, wherein R^ is heterosubstituted cydoalk^, R^ is halo or 
methyl, R^ is method and n is 1 or 2, especially \^erein R^ is hydroxycydoalkjd, 
including cis- or trans-hydroxycydoalkyl, in particular ds- or trans-4-hydroxy- 
cydohexyl 

In a fiirdier group, wherein R' is heterocydyl or heterocydylalkyl, R^ is halo 
or meth^, R^ is mediyl or hydrogm and n is I or 2, or wherein R^ is halo or meth^, 
R3 is heteroalkyl and n is 1 or 2. 

Particular preferred compoimds are sdected from the group of 7-(fram- 
4-hydroxycydoheac^aniino)-3,4-dihydropyrimido[43-d]pyrinudin-2(lH) 3- 
(2-cUorophenyl)-7-(tetndiydropyran-4-)daniino)-3,4-dihydropyrinu 
pyrimidin-2(lH)-one, 7-[l-(2-hydroxyethyl)-piperidin-4-ylamino]-l-meth)d-3- 
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aitha-tol^-3>4-dihydropyriinido[4^-d]pyrimi<^ lH)-one» 3-(2-chlorophen^)- 
7-[(<ram-4-mcthoxycydohMjd)meth^aimno]-l-m 

d]pyrmiidin-2(lH)-one, and 3-(2-chlorophen)d)-7-(4-oxo-qrdohex^anuno)-l- 
methyl-3,4-dihydropyrinud0[4>5-d]pyrimi and pharmaceutically 

acceptable salts thereof. 

In another aspect, the present invention provides methods of preparing the 
compounds described above. 

In one method the compounds of formula I maybe prepared by method 
comprising 

(a) treating a compound of formula n 




(H) 

v^erein n, and have the meanings provided for the 
compounds of formula I above, with the proviso that any interfering reactive group 
present is optionally in protected form, and L is a leaving group, 

with an amine of formula III 

R*R*-NH (m) 

wherein R^ and R^ have die meaning provided for the compounds of 
formub I above, with the proviso that any interfering reactive group present is 
optionally in protected form, and \^ere required, deprotecting any protected group 
present in the reaction product 

Where desired, the compound may be converted into a pharmaceutically accq>table 
salt thereof 



In another method tiie compounds of formula I may be prepared by a 
method comprising 

(a) treating a compound of formula IV 



wo 01/29042 



PCT/EPOO/10088 



21 




ivfaerein Xis halo, R is a]kyd, and and R^ have die meaning 
provided for the compounds of fonnula I mentioned above, in the presence 
of a base to a£brd a compound of formula V 




(b) treating a compound of formula V with an oxidizing agent followed by an 
amine of the formula R^R'^NH (wherein and R' and R^ have the meaning provided 
for the compounds of formula I mentioned above) to afford a compound of 
formula (I). 

Where desired, the compound obtained may optionally be converted into a 
pharmaceutically acceptable salt thereo£ 

The compounds of the present invention can be prepared by a variety of 
mediods, using procedures wdl known to those of skill in the art R^arding the 
above mentioned processes, the compounds of die present invention are ptepaxed 
as oudined in more detail in Scheme 1 or as outlined in Scheme 4. 
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Treatment of a compound of foimula la (where R is an alkyl, aryi or arallqd 
group) with a primary amine (R^-NHa) provides a compound of formula lb. This 
reaction is conveniently carried out in a solvent which is inert under the reaction 
conditions, preferably an open-chain or cydic ether (such as tetrahydrofiiran), a 
5 halogenated aHphatic hydrocarbon> especially dichloromethane, an optionally 
halogenated aromatic hydrocarbon, a formamide, a lower alkanol, or water. 
Suitably, the reaction is carried out at about -2090 to about UO^C. 

Reduction of a compound of formula lb provides an alcohol of formula Ic 
10 This reduction is typically carried out using lithiimi alimiinium hydride in a 

manner well known to those of skill in the art (e^g. in a solvent which is inert under 
the conditions of the reduction, preferably an open^chain or cydic ether, especially 
tetrahydrofiiran, at about -2(P C to about 70^0, preferably at about O^C to about 
room temi>erature). 

15 Oxidation of an alcohol of formula Ic in the next step provides a 

carboxaldehyde of formula Id The oxidation is typicaUy carried out with 
manganese dioxide, although numerous other methods can also be employed (see> 
for example, Advanced Organic Chemistry, 4™ ed., March, John Wiley & Sons, 
New York (1992)). Depending on the oxidating agent employed, the reaction is 

20 carried out conveniently in a solvent winch is inert under the specific oxidation 
conditions, preferably a halogenated aUphatic hydrocarbon, especially 
dichloromethane, or an optionally halogenated aromatic hydrocarbon. Suitably, 

the oxidation is carried out at about O^C to about 60^C. 

25 Reaction of a carboxaldehyde of formula Id with a substituted aniline (R^)n- 

C6H5.nNH2 provides a compound of formula le. This reaction may be carried out 
in the presence of an acid, eg. an aromatic sulfonic add, preferably 4-toluene- 
sulfonic acid, with azeotropic removal of the water formed during the reaction. 
Conveniently, the reaction is carried out in a solvent which is inert under the 

30 reaction conditions, preferably an aromatic hydrocarbon, especially toluene or 

xylene, or an optionally halogenated aromatic hydrocarbon, and at a temperature of 
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about 7(PC to about 150^C especially at the reflux temperature of the solvent to 
assist in the noted azeotropic removal of water. 

Reduction of a compound of formula le to ^e a compound of formula If 
can be carried out using, for example^ hyride reducing agents such as sodium 
borohydride> lithium aluminium hydride or sodium triacetoxyborohydride under 
conditions well known to those of skill in the art Preferably, the compound of 
formula le is not purified, but rather the reaction mixture in which it is prepared is 
concentrated and the concentrate obtained is taken up in a solvent which is inert 
under the conditions of the reduction, preferably an open-chain or cyclic ether, 
especially tetrahydrofuran or an optionally halogenated aromatic hydrocarbon or a 
lower aDcanol, and then treated widi an aforementioned reducing agents. The 
reduction is suitably carried out at about-10^ C to about lOO^C preferably at about 

Cydization of a compound of formula If provides a bicydic nitrogen 
heterocyde of formula Ig. The cydization can be effected by reaction of If with a 
carbonylating agent such as phosgene or trichloromethyl chloroformate (or another 
phosgene equivalent), conveniently in the presence of a tertiary organic base, 
preferably a tri(lower alk)d)amine, espedalty trieth)damine. More particularly, the 
cydization is carried out in a solvent which is inert under the conditions of the 
reaction, preferably an open-chain or cydic ether, especially tetrahydrofuran, an 
optionally halogenated aromatic hydrocarbon or a halogenated aliphatic 
hydrocarbon. Conveniently, the reaction is carried out at about -20^0 to about 
50OC preferably at about -20 to O^C. 

Oxidation of Ig with a peroxy add such as 3-chloroperbenzoic add or with 
Oxone® (potassium monopersulphate triple salt) in an aqueous aprotic solvent such 
as tetrahydrofuran, provides a sulfone (Ih) (or, if desired, its corresponding 
sulfoxide by controlling the oxidation conditions) which can be converted to a 
variety of target compounds. Typically the oxidation of Ig is carried out in a solvent 
which is inert under the conditions of the oxidation, preferably a halogenated 
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aliphatic hydrocarbon, especially chloroform or dichlorometliane» and at about - 
20°C to about 50**C, preferably about 0**C to about room temperature. 

Finally, treatment of Ih with an amine (R^R'^-NH) provides the target 
compounds for formula 1. The reaction can be carried out in the presence or 
absence of solvent. Solvents that may be used include polar aprotic solvents 
including ethers such as dimethoxyethane* dimethox/eth^ ether and tetrahydro- 
fiiran and dipolar aprotic solvents such as dimeth^ formamide and N,N-dimeth^- 
pyrrolidinone. Conveniently, the reaction is carried out at temperatures of from 
about 0**C to about 200**C, more preferably about room temperature to about 
150X. 



According, the present invention provides a method of preparing 
compounds of formula I, by treating a compound of general formula li with an 
amine (R*R^-NH). 




R3 W 

I 



In compound li, the symbols R^ R^, R^ and the subscript n have the meanings 
provided above with reference to formula I. The letter L represents a leaving group 
which can be a halogen, a lower alkanesulfonyl or alkanesulfinyl group {eg,, 
methanesulfon)d, methanesulfin)d or trifluoromethanesulfon]d) or an aromatic 
sulfonyl or sulfin)d group {eg., benzenesulfon^, benzenesulfinyl or 4- 
toluenesulfon)d). Other suitable leaving groups are known to those of skill in the 
art and can be found in, for example, ADVANCED ORGANIC CHEMISTRY, 4™ ED., 
March, John Wiley & Sons, New York (1992). Suitable amines (R^-NH2) are those 
in which R^ represents any of the R^ groups noted for formula I. 
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In another embodiment^ the bicydic nitrogen heteroqrde can be constructed 
first and can be introduced at a later sts^e of synthesis as shown in Scheme 2. 



Scheme 2 




I 



Compound Ila, die starting material in Scheme 2> can be prq>ared by the 
displacement reaction of commercially available compounds of formula la to 
provide compounds of fiarmula lb as previously described in Scheme 1. Briefly, 
treatment of the mercapto compound with a suitable amine provides a compound 
of formula lb (R' = H). Conversion of lb (R^ = H) to Da can follow die stq>s 
provided in Scheme 1. 
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Cydization of Ila provides a biq^dic nitrogen heterocyde of formula lib. 
The cydization can be effected by reaction of Ila with phosgene or trichlorometh^ 
chIoro£3rmate (or phosgene equivalent), typically in the presence of a tertiary 
organic base, preferably a tri(lower alk^)amine, especially triethylamine. More 
partioilarly, the cydization is carried out in a solvent which is inert under the 
conditions of the reaction, preferably an open-chain or cydic ether, especially 
tetrahydrofiiran, an optionally halogenated aromatic hydrocarbon or a halogenated 
aliphatic hydrocarbon. Conveniently, the reaction is carried out at about -20^C to 
about 50^C, prefisrably at about 0^ to about room temperature. 

Introduction of an group to provide a compound of formula lie can be 
accomplished under a variety of conditions. For example, lib can be treated with 
alkali metal hydride, espedally sodium hydride, and subsequent reaction with a 
compound of the general formula R^-L, wherein R^ has any of the values accorded 
to R^ hereinbefore except hydrogen, aryi or heteroaryi and L represents a leaving 
group (e.^., halo, methanesulfonate, trifluoromethanesulfonate, and the like). The 
N-substitution is convenienfly carried out in a solvent which is inert under the 
reaction conditions, preferably a formamide, espedally N-meth)dpyrrolidinone or 
dimethylformamide, an open-chain or cydic ether or an optionally halogenated 
aromatic hydrocarbon. Suitably, the reaction is carried out at about 50^C to about 
200^C preferably at about 50^C to about ISO^C. Altemativdy, the alkylation may 
be carried out with an inorganic base such as potassium carbonate in a formamide 
solvent such as N-metfa^pyrroIidinone temperatures from about O^C to about 
25OC- 

An alternative, and preferable method for the introduction of R^ involves a 
allegation of die pyrimidinone nitrogen via die Mitsunobu reaction. In this 
method, an alcohol of the general formula R^-OH is combined with a compound of 
general formula lib in the presence of, for example, triphen^phosphine and dieth^ 
azodicarboxjdate or diphen)dpyridyl phosphine and tert-butjdazodicarboxjdate {See, 
Tetrahedron Lett.. 40: 4497-4500 (1999). The alkjdation is conveniently carried out 
in a solvent which is inert under the reaction conditions, preferably an open-chain 
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or cydic ether» at temperatures of about -20^C to about lOO^Q preferably at about 
O^C to about 30^C (or room temperature). As with odier allqiation methods, 
primary and secondary alcohols are the most suitable for reaction under these 
conditions. 

Following the introduction of R^> the oxidation and displacement steps (to 
introduce R^R!^N-) can be accomplished as oudined in Scheme 1 above to provide 
target compounds of formula I. 



10 



In sdll other embodiments, the compounds can be prepared by reversing the 
order of alkjdation and displacement steps, therd>y reversing the order of -R^ and 
-NR^R"^ introduction, shown in Scheme 3. 
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According/, a compound of fonnula Ila can be cydized to lib (as eailier 
shown in Scheme 2). Oxidation of lib to Ilia provides the template for the 
subsequent displacement and alk^lation steps. Thus> treatment of Ilia with R^-NHi 
under the conditions described above, provides nib, which can be alk^ated using 
R^-L (\i^erein L has the meaning noted above) or R^-OH using a Mitsunobu 
reaction as described earlier to provide the target compounds of formula L 
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Scheme 4 




Scheme 4 provides an alternative method of preparing the compounds of 
Formula I. 

Compound Ia> the starting material in Schemes 1 and 4» is commercially 
available. The treatment of a compound of formula la with a suitable aminating 
agent or nudeophile as described in Scheme 1, provides a compound of formula lb. 
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Treatment of a compound of formula lb with a substituted or unsubstituted 
phen^isocyanate provides an amide compound of formula IVa. This reaction is 
carried out in an inert organic solvent, preferably an aromatic hydrocarbon such as 
toluene or x^enes, and at a temperature of about O^C to about ISO^C. 

5 

Reduction of a compound of formula IVa provides an alcohol of formula IVb. 
This reduction is carried out using lithium aluminium hydride in a manner well 
known to those skilled in the art (e.g., in an inert organic solvent such as an open- 
chain or cydic ether, especially tetiahydrofuran, at about -60X to about SO^'C, 
10 preferably at about -20°C to about room temperature. 

Reaction of an alcohol of formula IVb with a halogenating agent provides a 
compound of formuh IVc wherein X is bromo, chloro, or iodo, preferably bromo. 
Although munerous halogenating mediods can be employed (see, for example, 

1 5 Advanced Organic Chemistry, 4™ ed., March, John VfHey & Sons, New York 
(1992)), this reaction can be carried out using phosphorus tribromide or 
phosphorous pentachloride to obtain the corresponding bromo or chloro 
compound, respectively* Conveniently, the reaction is carried out in a solvent 
which is inert under reaction conditions, preferably an open-chain or cyclic ether, 

20 especially tetrahydrofuran, or a halogenated aliphatic hydrocaibon, and at about 
OXtoabouteO^'C. 

Cydization of a compound of formula IVc provides a bicydic nitrogen 
heterocyde of formula IVd. The cydization can be effected in the presence of a 

25 base, preferably hexameth^disilazane. Typically the cydization is carried out in the 
presence of a solvent which is inert under the conditions of the reaction, preferably 
a dipolar organic solvent, such as l-methyl-2-pyrrolidinone, N,N-dimeth^- 
formamide, or NJ^-dimethyl-acetamide, or dimethyl sulphoxide, and at about 
lO^'C to about 200°C for about 1 to 50 hours. Preferably the reaction is heated for 

30 about 1 to 10 hours at about SO^C to about ISO^'C. 
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Fi]ially> treatment of Id with a oxidizing agent such as N-chloro-sucdnimide 
or chlorine and water, and an amine (R^R*-NH) provides the target compounds of 
formula I via a sulfoxide intermediate compound of formula A. The in situ 
oxidation/displacement reaction is carried out in the presence of solvent which is 
5 inert under conditions of the reaction, preferably dipolar aprotic solvents 1 -methyl- 
2-pyrrolidinone, N,N-dimethyl formamide or tetrahydrofuran. Conveniently, the 
reaction is carried out at about O^'C to about 120^C more preferably about room 
temperature. 

10 One of skill in the art will understand that certain modifications to the above 

schemes are contemplated and within the scope of the present invention. For 
example, certain steps will involve the protection and deprotection of reactive 
functional groups that are not compatible with particular reaction conditions. 

15 In another aspect the present invention relates to pharmaceutical 

compositions containing the compounds of formula L 

The compounds of formula I and the pharmaceutically acceptable salts of 
basic compounds of formula I with acids can be used as medicaments, e.g* in the 
20 form of pharmaceutical preparations. The pharmaceutical preparations can be 

administered enterally, e,g. orally in the form of tablets, coated tablets, dragies, hard 
and soft gelatine capsules, solutions, emulsions or suspensions, nasally, eg, in the 
form of nasal sprays, or rectally, e,g. in the form of suppositories. However, diey 
may also be administered parenterally, e.g. in the form of injection solutions. 

25 

The compounds of formula I and their aforementioned pharmaceutically 
acceptable salts can be processed with pharmaceutically inert, oi^anic or inorganic 
carriers for the production of pharmaceutical preparations. Lactose, com starch or 
derivatives thereof, talc, stearic add or its salts and the like can be used, for example, 
30 as such carriers for tablets, coated tablets, dragdes and hard gebtine capsules. 

Suitable carriers for soft gdatine capsules are, for example, vegetable oils, waxes, 
ftits, semi-solid and liquid polyols and the lik^ depending on the nature of the 
active ingredient no carriers are, however, usually required in the case of soft 
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gelatine capsules. Suitable carriers for the production of solutions and syrups are, 
for example, water, polyols, sucrose, invert sugar, ^ucose and the like. Suitable 
carriers for suppositories are, for example, natural or hardened oils, waxes, &ts, 
semi-liquid or liquid polyols and the like. 

5 

The pharmaceutical preparations can also contain preservatives, solubilizers, 
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for 
varying die osmotic pressure, buffers, masking agents or antioxidants. They can 
also contain therapeutically valuable substances other than the compounds of 
10 formula I and their aforementioned pharmaceutically acceptable salts. 

Medicaments \^ch contain a compound of formula I or a pharmaceutically 
acceptable salt of a basic compound of formula I with an add in association with a 
compatible pharmaceutical carrier material are also an object of the present 
15 invention. Another aspect is a process for the production of such medicaments 

which comprises bringing one or more of these compounds or salts into a galenical 
administration form together with a compatible pharmaceutical carrier. If desired, 
the medicament may contain one or more other therapeutically valuable substances 
which may be added during the process of preparing said medicament 

20 

As mentioned earlier, the compounds of formula I and dieir aforementioned 
phannaceutically acceptable salts can be used in accordance with the invention as 
therapeutically active substances, especially as antiinflammatory agents or for the 
prevention of graft rejection following transplant surgery. The doss^e can vary 

25 within wide limits and will, of course, be fitted to the individual requiremrats in 

each particular case. In general, in the case of administration to adults a convenient 
dafly dosage should be about 0.1 mg/kg to about 100 mg/kg, preferably about 
0.5mg/kgtoabout5mg/l^. The daily dosage may be administered as a single dose 
or in divided doses and, in addition, the upper dosage limit referred to earlier may 

30 be exceeded ^en this is found to be indicated. 

Finally, &e use of compounds of formula I and their aforementioned 
pharmaceutically acceptable salts for the production of medicaments, especially in 
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the treatment or prophylaxis of inflammatory^ immunological^ oncological, 
bronchopulmonary, dermatological and cardiovascular disorders, in the treatment 
of asthma, central nervous system disorders or diabetic complications or for the 
prevention of graft rejection following transplant surgery, is also an object of the 
5 invention. 

Compoimds of Formula I would be useful for, but not limited to, the 
treatment of any disorder or disease state in a human, or other mammal, which is 
excacerbated or caused by excessive or unregulated TNF and/ or IL-lor p38 kinase 
10 production by such mammal. Accordingly, the present invention provides a 

method of treating a cytokine-mediated disease which comprises administering an 
effective cytokine-interfering amount of a compound of Formula I, or a 
pharmaceuticaUy acceptable salt or tautomer thereof 

15 More specifically, the compoimds of formula I may be used in the treatment 

of arthritis, Crohn's disease, irritable bowel syndrome, adult respiratory distress 
syndrome, chronic obstructive pulmonary disease, osteoporosis, or Alzheimer^s 
disease. Compounds of Formula I would be useful for, but not limited to, the 
treatment of inflanunation in a subject, and for use as antipyretics for the treatment 

20 of fever. Compounds of the invention would be useful to treat arthritis, including 
but not limited to, rheumatoid arthritis, spondjdoarthropadiies, gouty arthritis, 
osteoarthritis, systemic lupus erythematosus and juvenile axtibritis, arthritis and 
other arthritic conditions. Sudi compounds would be useful for the treatment of 
pulmonary disorders or lung inflammation, including adult respiratory distress 

25 syndrome, pulmonary sarcoidosis, asthma, silicosis, and dironic pulmonary 

inflammatory disease. The compounds are also useful for the treatment of viral and 
bacterial infections, including sepsis, septic shodc, gram negative sepsis, malaria, 
meningitis, cachexia secondary to infection or ntialignancy, cachexia secondary to 
acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related 

30 complex), pneumonia, and herpesvirus. The compounds are also useful for die 

treatment of bone resorption diseases, such as osteoporosis, endotoxic shock, toxic 
shock syndrome, reperfusion injury, autoimmune disease including graft vs. host 
reaction and allograft rejections, cardiovascular diseases including atherosclerosis. 
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thrombosis, congestive heart &ilure, and cardiac reperfiision injury> renal 
reperfusion injury, liver disease and nephritis, and myalgias due to infection. 

The compounds are also use&l for the treatment of influenza, multiple 

5 sclerosis, cancer, diabetes, systemic lupus erthrematosis (SLE), skb-rdated 

conditions such as psoriasis, eczema, bums» dermatitis, keloid formation, and scar 
tissue formation. Compounds of the invention also would be useful to treat 
gastrointestinal conditions such as inflammatory bowel disease, Crohn's disease, 
gastritis, irritable bowel syndrome and ulcerative colitis. The compounds would 

10 also be useful in the treatment of ophthalmic diseases, such as retinitis, 

retinopathies, uveitis, ocular photophobia, and of acute injury to the eye tissue. 
Compounds of the invention also would be useful for treatment of angiogenesis, 
including neoplasia; metastasis; ophtfaalmological conditions such as corneal graft 
rejection, ocular neovascularization, retinal neovascularization including 

15 neovascularization following injury or infection, diabetic retinopathy, retrolental 
fibroplasia and neovascular glaucoma; ulcerative diseases such as gastric ulcei; 
padiological, but non-malignant, conditions such as hemaginomas, indudii^ 
invantile hemaginomas, angiofibroma of the nasopharynx and avascular necrosis of 
bone; diabetic nephropathy and cardiomyopathy; and disorders of the female 

20 reproductive system such as endometriosis. The compounds ofthe invention may 
also be usefid for preventing the production of cyclooxygenase-2 and the 
compounds of tiiis invention are also e3q>ected to be useful in the prevention and 
treatment of cancer, in particular colon cancer. The compounds of tiiis invention 
are also e3q>ected to be useful in the prevention and treatment of Alzheimer's 

25 disease. 

Besides being useful for human treatment, these compounds are also useful 
for veterinary treatment of companion animals, exotic animals and farm animals, 
including manunals, rodents, and the like. More preferred animals include horses, 
30 dogs, and cats. 

The present compounds may also be used in co-therapies, partially or 
completely, in place of other conventional antiinflammatories, such as together with 
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Steroids, cydooxygenase-2 inhibitors, NSAn)5, DMARDS, immunosuppressive 
agents, 5-lipoxygenase inhibitors, LTB4 antagonists and LTA4 hydrolase inhibitors. 

As used herein, flie term 'TNT mediated disorder" refers to any and all 
5 disorders and disease states in which TNF plays a role, either by control of TNF 

itself, or by TNF causing another monokine to be released, such as but not limited 
to IL-I, IL-6 or IL-8. A disease state in which, for instance, IL-1 is a major 
component, and whose production or action, is exacerbated or secreted in response 
to TNF, would therefore be considered a disorder mediated by TNF. 

10 

As used herein, the term "p38 mediated disorder" refers to any and all 
disorders and disease states in which p38 plays a role, either by control of p38 itself, 
or by p38 causing another factor to be released, such as but not limited to IL-1, IL-6 
or IL'8. A disease state in which, for instance, IL-1 is a major component, and 
15 whose production or action, is exacerbated or secreted in response to p38, would 
therefore be considered a disorder mediated by p38. 

As TNF-^ has dose structural homology with TNF-a (also known as 
cachectin), and since each induces similar biologic responses and binds to the same 
20 cellular receptor, the synthesis of both TNF-a and TNF-P are inhibited by the 

compounds of the present invention and thus are herein referred to collectively as 
"TNF" unless spedficaUy ddineated otherwise. 

EXAMPLES 

25 

The following examples are o£Fered to illustrate, but not to limit die claimed 
invention. 

In the examples bdow, unless otherwise steted, temperatures are given in 
30 d^ees Cdsius (^C); operations were carried out at room or ambient temperature 
(typically a range of from about 18-25°Q evaporation of solvent was carried out 
using a rotary evaporator under reduced pressure (typically, 4.5-30 nmiHg) with a 
bath temperature of up to 60^Q the course of reactions was typically followed by 



wo 0m9042 



PCT/EPOO/10088 



37 

TLC and reaction times are provided for illustration only; melting points are 
uncorrected; products exhibited satis&ctory ^H-NMR and/or microanalytical data; 
yields are provided for illustration only; and the following conventional 
abbreviations are also used: mp (melting point), L (liter(s)), mL (milliliters), mmol 
(millimoles), g (grains), mg (miUigrams), min (minutes), and h (hours). 
DEAD stands for dieth)d azodicarboxylate 
DIAD stands for diisoprop)4 azodicarbox^ate 

DMPU stands for l,3*dimethyl-3,4,5,6-tetrahydro-2(lH)-pyriniidinone 

Example 1 

This example illustrates the preparation of 3-(2,6-dichlorophenyl)-7- 
methanesidfon)d-l-methyi-3,4-dihydropyrinudo[4,5-d]pyrimidin-2(lH)-one 
beginning with ethyl 4-chloro-2--methyithiopyrimidine-5-carbox^ate. 




LI Preparation of ethyl 4'rne0tyIamrio-2''rnethyltMopyrimidine'5- 
carboxylate 

^^COaEt ^.^COaEt 

CH3 

A solution of ethyl 4-chloro-2'metfa]dthiopyrimidine»5-carboxydate (20 g, 
86 mmol) (Aldrich Qiemical Co., Milwaukee, Wisconsin, USA) in 250 mL of 
dichloromethane was cooled to 0**C and treated slowly with a 33% solution of 
methyiamine in ethanol (35 mL, 281 mmol). After stirring for 30 minutes, 150 mL 
of water were added and the phases were separated. The organic phase was dried 
over magnesium sulfate and filtered The filtrate was evaporated under reduced 
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pressure to give 19 g (97%) of ethyl 4-methyiainino-2-methylthiopyriinidine-5- 
caiboxylate as a white solid. 

J.2 Preparation of4'methyhirmnO'2'nieAyldi^ 




"^S^N^^NH "''^S'^N' "NH 

5 CH3 CH3 

Lithium aluminium hydride (9 g, 237 mmol) was stirred in 300 mL of dry 
tetrahydrofuran and treated dropwise with a solution of eth)d 4-methyiamino-2- 
methylthio-pyrimidine-5-carboxyiate (34 g, 143 mmol) in 300 mL of dry 
tetrahydrofuran and left to stand for 15 minutes. The mixture was cooled in ice and 
10 cautiously treated dropwise with 18 mL of water. Thirty six mL of 2M sodium 

hydroxide solution were added dropwise, followed by 48 mL of water. The resulting 
suspension was stirred for 17 hours at room temperature and then filtered. The 
filter residue was washed twice with 100 mL of ethyl acetate each time and the 
combined filtrate and washings were evaporated under reduced pressure. The 
15 residue was suspended in 200 mL of dichloromethane/hexane (2:1) and the solid 
was off and dried to g^ve 23.5 g (86%) of 4-meth)da0iino*2*methylthiopyrimidine- 
5-methanol as a ydlow solid. 

J.3 Preparation of4-me!^^annnO'2'meAybhiopyrifmdim-5- 
20 carboxaldehyde 



S"^"n""NH " NH 

CH3 CH3 

4*Medi^amino-2-mediyltfaiopyrimidine-5-methanoI (20 g, 108 mmol) and 
1 L of dichloromethane were combined with stirring and treated with manganese 
dioxide (87 g, 1 mol). The resulting suspension was stirred for 24 hours and then 
25 filtered through a filter aid The filter residue was washed with 100 mL of 

dichloromethane and the combined filtrate and wadiings were evaporated under 
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reduced pressure to give 15.8 g (80%) of 4-methylaxnmo-2-methylthiopyTiinidine- 
S-carboioddehyde as a white solid. 

lA Preparation of5'(2,6'dichlarophertyl)amiTwmethyl-4'rnethyIarrnno-2- 
5 methylthiO'pyrimidine 




A mixture of 4-methylammo-2-methyithiopyrimidine-5-caiboxalde^ 
(6 g, 32.8 mmol), 2»6-dichloroaiiiIine (5.5 g, 33.9 mmol) and 4-toluene-sulfonic 
add (1 g, 53 nunol) ia 70 mL of toluene was heated under reflux with azeotropic 

10 removal of water for 17 hours. The mixture was concentrated to a volume of about 
10 mL under reduced pressure and dien treated with 120 mL of ethanoL The 
suspension obtained was heated to 75^C and treated over a period of 15 minutes 
with 6.2 g (160 nmiol) of sodivim borohydride pellets. The mixture was stirred for a 
further 15 minutes and cooled to room temperature. The solvent was evaporated 

15 under reduced pressure and the residue was stirred in a mixture of 200 mL of 2M 

sodium hydroxide solution and 200 mL of ethyl acetate for 1 hour. The phases were 
separated and the organic phase was dried over magnesium sulj&te and filtered. 
Evaporation of the filtrate under reduced pressure and flash chromatography of the 
residue using 3:7 diethyl ether/hexane for tiie dution gave 5.2 g (48%) of 5-(2,6- 

20 diddorophenyi)aminometh)d-4-methylaniino-2-methylthio-pyrimidine as a white 
solid. 
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J.5 Preparation of3'(2,6'didibrophenyl)-7'melhylAiO'l-meAyl'3,4' 
dAydro-pyrimido[4,5-d]pyrimidin-2(lH)''One 





CH3 

1.1 

5 A stirred solution, cooled in ice, of 12 mL of phosgene (20% solution in 

toluene; 23 mmol) in 100 mL of tetrahydrofiiran was treated dropwise witib a 
solution of 5-(2,6-dichlorophen^)aniinonietliyi-4-metihylamino-2-meA^ 
pyrimidine (5 g, 15.2 mmol) and trieth^amine (4 mL, 29 nmiol) in 80 mL of 
tetrahydrofiiran. After stirring for 1 hour ifae mixture treated vdth 100 mL of 

10 saturated aqueous ammonium chloride solution and the phases were separated. 
The aqueous phase was extracted with 100 mL of tetrahydrofiiran and the 
combined organic solutions were dried over magnesium sulfate and filtered. The 
filtrate was concentrated xmder reduced pressure to give 4.8 g (89%) of 3-(2,6- 
dichlorophen^)-7-meth]dthio-l-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin- 

15 2( lH)-one (sulfide 1.1 ) as a white solid. 



1.6 Preparation of3'(2,6-di(^loraphenyl)-7'methanesulfimyl'-l-methyl' 
3,4'dihydropyrimido[4^-d]pyrimidin-2( lH)-ane 




20 1.1 Sulfijne 1.2 

A solution of 3-(2,6-dichlorophenyl)-7-meth^thio-l-methyi"3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (1.1) (5 g, 14.1 mmol) in 200 mL of 
dichloromethane was cooled in ice and treated with 3-chloroperbenzoic add (10 g, 
28.9 mmol). The mixture was stirred at room temperature for 17 hours, then 
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treated with 2 mL of dimethyl sulfoxide and left to stand for 10 minutes. Saturated 
aqueous sodium bicarbonate solution (100 mL) was then added and the phases 
were separated. The organic phase was dried over magnesium sulfate and filtered. 
Concentration of the filtrate imder reduced pressure gave 5 g (92%) of 3-(2,6- 
dichlorophenyl)-7-methanesulfon)d- l-meth}d-3>4-dihydropyrimido [4,5- 
d]pyrimidin-2(lH)-one (sulfone 1.2) as a vAntc solid. 

A related compound> 3-(2-chlorophenyl)-7-methanesulfon^-l-methyl-3,4- 
dihydropyrimidin-2(lH)-one (sulfone 1.3) was prepared using 2-chloroaniline in 
place of 2»6'dichloroaniline in step J.4> above. 




Sulfone 1.3 

Similarly, 7-methanesulfonyl-3-ort/ia-toI^-l-methyl-3,4-dihydropyi^ 
2(lH)-one (sulfone 1.4) was prepared using o-toluidine in place of 
2»6-dichloroaniline in step 1.4, above. 




Sulfone 1.4 



Example 2 
Compound 1-7 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(2- 
hydroxy-l,l-dimeth)deth^aniino)-l-methyl-3,4-dihydropyrinudo(4,5-d]- 
pyrimidin-2(lH)-one, in which the displacement reaction is carried out in the 
absence of solvent 
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Sulfone 1.3 (0.200 g» 0.57 mmol) was combined with 2-aiiiino-2-inethyl- 
1-propanol (0.1 lmL> 1.2 mmol). The mixture was heated to 100-110 for 1 hour 
at which time it was cooled to room temperature. The residue was purified by 
coluimi chromatography on silica gd using 25:15 hescane/acetone. The column 
fi^ctions containing product were combined and concentrated in vacuo to an oil 
"wbich was redissolved in etfa^ acetate. Addition of hydroddoiic acid (1.0M/£t2O> 
1.0 equivalent) gave the salt i/diich was filtered and dried to give 0.150 g of the 
hydrochloride salt of 3-(2-dilorophen'^)'7-(2-hydroxy-l»l-dimethyledr^amino)- 

1- mediyi-3,4-dihydropyrimido- [4,5-d]pyrimidin-2( lH)-one. 

Replacement of 2-amino-2-methyl-l-propahol with the requisite amine 
R^R^NH gave additional compounds of the invention as listed on Tables 1-3. 

Compound 1-13 

This example illustrates the preparation of 3-(2-chIorophenyl)-7-((lS,2R)- 

2- hydroxy-l-hydroxymethyl-prop]daimno)-l-mcth^-3,4-dili^^ 
[4,5-d]pyrimidin-2(lH)*one. 




OH OH 



Sulfone 1.3 (0.800 g, 227 nmiol) was combined with 2-methoxyethyi ether 
(3 mL) and D-allothreoninol ((2R, 3S)-2-amino-3-hydroxybutanol) (0.480 g. 
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4.56 mmol). The mixture was heated at 100 X for one hour at which time the 
temperature was raised to 130^C since the reaction was not complete. After 30 
minutes, the reaction was complete and the mixture was cooled to room 
temperature. The mixture was concentrated in vacuo and the residue was purified 
by column chromatography on silica gel using 70:5:1 dichloromethane/ 
methanol/isoprop^amine. The column fiactions containing product were 
combined and concentrated to an oil which was redissolved in ethyl acetate. 
Addition of hydrochloric add (L0M/Et20, 1.0 equivalent) gave the salt vAddx was 
filtered and dried to give 0.448 g of the hydrochloride salt of 3-(2-chloro-phenyl)-7- 
((lS,2R)-2-hydroxy-l-hydroxymetfiyiprop^-amino)-l-meth)4-3,4- 
dihydropyrimido-[4»5-d]pyriinidin-2( lH)-one. 

Replacement of D-allothreoninol with the requisite amine R^R*NH gave 
additional compounds of the invention as listed on Tables 1-3. 



This example illustrates the preparation of 3-(2-chlorophenyi)-7-(2- 
hydroxy-l-meth^eth)damino)-l-methyl-3,4-dihydropyrimido[4,5-d]pyriniidin- 
2(lH)-one. 



Sulfi^ne 1.3 (0J200 g, 0.57 mmol) was combined with DJL-2-amino-l- 
propanol (0.09 mL, 1.13 mmol) and heated at 100-110 X for 30 minutes. The 
reaction was then cooled to room temperature and the mixture was purified by 
column chromatography on silica gd using 9:1 dicfaloromethane/methanol as 
duant The column firactions containing product were combined and concentrated 
in vacuo to an oil which was redissolved in ediyl acetate. Addition of hydrochloric 
add ( 1.0M/£t2O> 1.0 equivalent) gave the salt vdiich was filtered and dried to give 



Compound 1-2 
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0.142 g of the hydrochloride salt of 3-(2-chlorophen)d)-7-(2-hydroxy-l- 
methylethylaimno)-l-methyi-3»4-dihydro-pyrimido[4,5-d]pyrim 

Examples 
Compound 1-3 

This example iUustrates the preparation of 3-(2-ch]orophenyl)-7- 
(2-hydroxyprop^amino)-l-methyl-3>4-dihydropyrimido[4>5-d]pyriniidin-2(lH)- 
one. 




Sulfone 1.3 (0.200 g, 0.57 mmol) was combined with l-amino-2-propanoI 
(0.09 mL, 1.17 mmol) and heated at 100-110 for 30 minutes. The reaction was" 
then cooled to room temperature and the mixture was purified by column 
chromatography on silica gd using 9:1 dichloromethane/methanol as duant The 
colmnn fractions containing product were combined and concentrated in vacuo to 
an oil which was redissohred in eth^ acetate. Addition of hydrochloric add 
(1.0M/£t2O> 1.0 equivalent) gave the salt which was filtered and dried to give 0.165 
g of the hydrochloride salt of 3-(2-chlorophenyi)-7-(2-hydroxyprop^amino)-l- 
mediyl-3»4-dihydropyrimido-[4>5-d]pyrimidin-2(lH)-one. 

Example 6 
Compound 3-28 

This example iUustrates the prq>aration of 3'(2-chlorophenyl)-7-(23- 
dihydroxy-l,l-dimeth^propylamino)-l-methyl-3,4-dihydropyrimido[4,5- 
d]pyrimidin-2( lH)-one. 
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OH 



Preparation ofS-amino-S-meffiylbutane'l^-diol 

To a solution of 3-meth)d-2-buten-l-ol (20 mL, 0.2 mol) in 800 mL of water 
5 was added sodium bicarbonate (42.5 g, 0.5 mol). The solution was cooled to 5^C 
and 3-chIoroperbenzoic add (54 g, 0.22 mol) was added in portions over a 1 hour 
period. The mixture was stirred at room temperature for 12 hours, then saturated 
with sodium chloride and extracted with dichloromethane. The layers were 
separated, and the organic layer was dried over potassium carbonate, and 
10 concentrated in vacuo. The residue was purified by flash chromatography using 2: 1 
hexane/ethyl acetate as eluant to give 10.02 g of (33*dimethyloxiranyl)methanol as 
an oil. 

A solution of (33-dimeth)doxiranyl)methanol (10 g, 98 mmol) in 
15 dichloromethane (735 mL) was combined with a solution of titanium isopropoxide 
(SOmL, 169.4nimol) in dichloromethane (100 mL) and a solution of 
aminodiphen^-mediane (40.6 mL, 235 mmol) in dichloromediane (100 mL), and 
the reaction mixture was stirred at room temperature for 48 hours. A solution of 
10% sodium hydroxide in brine was added and die suspension stirred for an 
20 additional 12 hours» filtered and washed with 02M hydrochloric add. The layers 
were separated, and the organic layer was dried over magnesium sul&te, filtered. 
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concentrated. The residue was purified by column chromatography using 4: 1 
hexane/eth^ acetate as duant to give 5.1 g of 3-(ben2hydrjd-amino)-3- 
methylbutane-l,2-diol. 

5 3-(Benzhydr)dainino)-3-meth)dbutane-l,2-diol (5.1 g, 17.9 mmol) and 

palladium hydroxide (1.2 g) in methanol (25 mL) were shaken under hydrogen in a 
par apparatus at 49 psi for 18 hours. The suspension was filtered, and the filtrate 
was concentrated in vacuo. The residue was suspended in hexane, stirred for 2 
minutes, and the hexane layer was decanted. The residue was concentrated in vacuo 
10 to give 1.74 g of 3-amino-3-methyH>2-butanedioL 

Preparation of 3'(2-chhwphenyl)'7'(2,3-dihydroxy'l J 'dimethylpro 
methyl-3,4'dihydropyrimido[4,5-dJpyrimidin'2(lH)-one, 

15 Sulfone 1.3 (700 mg, 1.7 nmiol) was combined with 3-amino-3-methyi-l,2- 

butanediol (500 mg, 2.1 mmol) and 2-methoxyethyl ether (2 mL). The mixture was 
heated to lOO^C for 6 hours at which time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by column chromatography on 
silica gd using 99:1 dicUoromethane/metfaanol as duant The colmnn fiactions 

20 containing product were combined and concentrated in vacuo to the title 
compound as an oil, vAdch was re*dissolved in ethyl acetate. Addition of 
hydrochloric add (1.0M/Et20, 2.0 eqmvalents) pve the salt which was filtered and 
dried to give 256 rog of the hydrochloride salt of 3-(2-chlorophenyl)-7-(2,3- 
dihydroxy-l,l-dimeth^prop^amino)-l-methyl--3,4-dihydro-pyriimdo[4,5-d]' 

25 pyrimidin-2(lH)-one. 

Example? 
Compound 3-43 
This example illustrates the preparation of 3-(2*d]lorophenyl)- 
30 7-[(l-hydroxymeth^cydohcxyi)ainino]-l-methyl-3,4-dihydropyriniido- 
[4,5-d]pyrimidin-2( lH)-one. 
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Sulfone 1.3 (SOOmg, 1.2mmol) was combined with 1-amino-l- 
qrdohexanemethanol (602mg» 4.6mmol) (prepared as described in /. Med Chem.y 
1966, 9(6), 911-920) and l-meth)d-2-pyrrolidinone (1 mL). The mixture vww 
heated to 120**C for 3 hours at \^ch time it was cooled to room temperature. The 
residue was purified by colunm chromatography on silica gel using 98:2 
dichloromethane/ methanol as duant The column fiacdons containing product 
were combined and concentrated in vacuo to a solid which was triturated with 
water, filtered, dried and suspended in eth^ acetate. Addition of hydrochloric add 
(LOM/EtiO, 2.0 equivalents) gave die salt which was filtered and dried to give 
328mg of tibe hydrochloride sak of 3-(2-chlorophenyl)-7-[(l-hydroxymediyl- 
cydohexyl)aniinol-l-mefli^-3,4-dihydropyrimido[4,5-d]pyru^ 

Compound 3-45 

This example illustrates die prq)aration of 3-(2-chlorophen^)-7-(l>4- 
dioxaspiro[4.5]dec-8-ylaniino)-l-mcthyl-3,4-dihydropyriniido[4,5-d 
2(lH)-one. 
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Preparation of l,4-dioxaspiro[4.5jdeC'8'y1amine 



To a mixture of l,4-dioxaspiro[4.5]decan-8-one (50.3 g, 322.1 mmol) and 
5 hydroxyiamine hydrochloride (89.5 g, 100.3 mmol) in water (450 mL) was added 
portionwise sodium carbonate (102.4 g, 966.2 mmol). The reaction mixture was 
stirred for 40 minutes at room temperature then extracted with ethyl acetate. The 
organic layer was washed witib brine, dried over magnesium $ulfate> filtered and 
concentrated in vacuo to give 68 J g of crude l,4-dioxaspiro[4.5]decan-8-one 
10 oxime. 

To a solution of l,4-dioxaspiro[4.5]decan-8-one oxime (68 g, 400 mmol) in 
ethanol (200 mL) was added Raney Nickel as a suspension in ethanol (52 mL). The 
resulting mixture was shaken at 50 psi of hydrogen for 18 hours. The reaction was 
15 filtered and concentrated in vacuo to give 57.5g of l,4-dioxaspiro[4.5]dec-8- 
yiamine. 

Preparation of 3'(2-chbrophenyl)'7'(l,4'dioxaspiro[4.5jdec-8'ylam 
3,4-dihydropyrimido[4,5'd]pyrimidin-2(lH)-one 

20 

Sulfone 1.3 (3.6 g, 10 mmol) was combined with l,4-dioxaspiro[4.5]dec-8- 
ylamine (6.4 g, 41 mmol) in 20 mL of l*meth)d-2-pyrrolidinone and heated at 



wo 01/29042 



PCT/EPOO/10088 



49 



lOO^C for 5 hours. The reaction mixture was then cooled to room temperature and 
was diluted widi ethyl acetate and water. The layers were separated, and the organic 
layer was washed with water and brine, dried with sodium sul&te, concentrated in 
vacuoj and purified by column cfaromatc^raphy on silica gd using 0.5% anunonium 
hydroxide in eth^ acetate as duant The column fractions containing the product 
were combined and concentrated under reduced pressure to give 1.3 g of 
3-(2-chlorophenid)-7-(l,4-dioxaspiro[4.5ldec-8-ylamino)-l-meth^-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as an off-white solid. 



This example illustrates the preparation of 3-(2-chlorophenyi)- 
7-(3-hydroxymeth)d-3-meth^-l,5-dioxaspiro[5.5]undec-9-ylamino)-l-methyi-^ 
dihydropyrimido[4>5-d]pyrimidin-2(lH)-one. 



A mixture of the 3-(2-chloiophen^)-7-(l,4-dioxaspiro[4.5]dec-8-^^anuno)- 
l-meth^-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (0.30 g, 0.70 mmol) 
(prepared as described in Example 8)> p-toluenesulphonic acid monohydrate (0.17 
g, 0.91 mmol), and ia,l-tris(hydroxymethyl)ethane (0.84 g, 7.0 nunol) in 40 mL 
toluene was heated to reflux and allowed to stir at reflux overnight The reaction 
mixture was cooled to room temperature, then diluted with ethyl acetate and 
saturated aqueous sodium bicarbonate. The layers were separated, and the aqueous 
layer was extracted with ethyl acetate. The organic layer was washed with brine, 
dried, concentrated under reduced pressure, and purified by flash chromatography 
on silica gd using 50-60% acetone in hexane as duant. The column fractions 
containing product were combined and concentrated to give 0.32 g of the title 



Firample 9 
Compound 3-47 



Sulfone 1.3 
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compound as a white foam. Addition of IM hydrochloric add in diethyl ether gave 
the salt, which was filtered to give 160 mg of the hydrochloride salt of 3-(2- 
chlorophen)d)-7-(3-hydrOxymethyl-3"meth)d-l,5-dioxaspiro[5.5]undec-9- 
ylamino)-l-meth^-3»4-dihydropyri0udo[4,5-d]pyrimidin-2(lH)-one. 

5 

Fyample 10 
Compound 3-46 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(4-oxo- 
cydohexyiamino)-l-methyl-3,4-dihydropyrinudo[4,5-dlpyriniidin-2(lH)-one 




A solution of 3-(2-chlorophen)d)-7-(l,4-dioxaspiro[4.5]dec-8-ylaniino)-I- 
meth)d-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (6.0 g, 14 namol) 
(prepared as described in Example 8) in 60 mL of 80% acetic add was heated to 65 

15 **C ovem^L The reaction was then cooled to room temperature and diluted with 
water, ethyl acetate, and brine. The layers were separated, and the aqueous layer 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodiimi bicarbonate and brine, dried, and concentrated under reduced pressure. 
The residue was taken up in chloroform and purified by flash chromatography on 

20 siUca gd using 4% methanol/dichloromethane as duant to ^ve 2.2 g of the title 
compound as a yddXe foam. A portion of the title compound (0.30 g, 0.78 mmol) 
was dissolved in ethyl acetate, then treated with IM hydrochloric add in diethyl 
ether to give 150 mg of the hydrochloride salt of 3-(2-chlorophen)4)-7-(4-oxo- 
cydohexyiainino)-l-methyl-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one as a 

25 white predpitate, which was filtered, washed with eth^ acetate, and concentrated 
under reduced pressure. 
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Example 11 
Compound 3-50 
This example illustrates the preparation of 3-(2-chlorophen^)- 
7-(4-hydroxyiinino<7clohex^amino)- 1 -meth^-3»4-dihydropyruiiido [4,5-d] - 
pyrimidin-2( lH)-one. 



Sulfone 1.3 




A mixture of 3-(2-cfalorophen^)-7-(4-oxo-<yclohex^amino-l-medi^- 
3>4-dihydropyrimido[4,5-d]p7rimidin-2-one (0.31 g, 0.80 mmol) (prepared as 
described in Example 10) and hydrox]damine hydrochloride (0.22 g, 3.2 nmiol) in 5 
mL pyridine was heated at 65 for 90 minutes. The reaction mixture was then 
cooled to room temperature, diluted with water and eth;^ acetate, and the phases 
were separated. Tlie organic phase was filtered, dried under reduced pressure, and 
suspended in methanol. Addition of IM hydrochloric add in diethyl ether gave the 
hydrochloride salt of 3-(2-cfalorophenyl)-7-(4-hydroxyimino-cydohexylamino)-l- 
metfayl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a yellow foam which 
was concentrated under reduced pressure. 



Example 12 
Compound 3-54 

This example illustrates the preparation of 8-[6-(2-chlorophenyi)-8-methyl- 
7-oxo-5,6,7,8-tetrahydropyrimido[4,5-d]pyrimidin-2-]^ainino]-13-diazaspiro- 
[4.5]decane-2,4-dione. 
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Sulfone1.3 




A mixture of 3-(2-cUorophenyl)-7-(4-oxo-q^dohexylamino)-l-meth)d- 
34-dihy<iropyrimido[4,5-d]p)rrimidm (0.33 g, 0.86 mmol) (prepared as 

described in Example 10), potassiimi cyanide (0.084 g, 1.3 mmol)> and ammonium 
carbonate (0.25 g, 2.6 mmol) in 25 mL of 1:1 water/ethanol was stirred at 65^C 
overnight The reaction mixture was diluted with 40 mL of water and allowed to 
boil for 15 minutes> then cooled to room temperature and poured into 100 mL of 
ice-cold water. This mixture was filtered and the residue was noade into a slurry in 
methanol Addition of IM hydrochloric add in dieth)d ether gave the salt which 
was concentrated under a stream of nitrogen to give 39 mg of the hydrochloride salt 
of 8-[6-(2-chlorophen)d)-8-meth)d-7-oxo-5,6,7,8-tetrahydropyrimido- 
[4,5-d]pyrinaidin-2-ylainino]-l,3-dia2aspiro[4.5]decane-2,4-dione as a yellow 
powder. 

Compound 3-42 

This example illustrates the prq>aration of 7-(tra^s-4-allyloxycydohex^- 
amino)-3-(2-chlorophen^)-l-methyl-3,4-dihydropyrimido[4,5-dlpyriImdin- 
2(lH)-one. 



Sulfone 1.3 




OH O^,^ 
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Sulfone 13 (2.6 g, 7.48 mmol) was combined with lran5-4-aimno- 
c^dohexanol (L63 g, 14.2 mmol) in 10 mL l-meth^-2-pyrrolidinone and stirred at 
120 for 4 hours, then poured into water, extracted with ethyl acetate, dried over 
magnesium sulfate, and evaporated in vacuo. The residue was purified by flash 
chromatography on silica get using 2-4% methanol/dichlorometfaane as duant to 
give a yellow l-meth^-2-pyrrolidinone-based oil. This oil was redissolved in eth^ 
acetate, washed with water, dried over magnesium sulfiite, and evaporated in vacuo 
to yidd 3-(2-chlorophenyl)-7-(tra«5-4-hydroxycydohexj^amino)-l-methyi-3,4- 
dihydro-pyximido[4,5-d]pyrimidin-2(lH)-one as an ofiF-white foam (2.80 g, 7.21 
mmol). 

A portion of the 7-(trans-4-hydroxycydohe3cylaniino)-3-(2-chlorophen)d)- 
l-methyd-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (0.274 g, 0.706 mmol) 
was taken up with potassium tert-butoxide (0.119 g, 1.06 mmol) in 5 mL 
tetrahydrofuran. Allyl bromide (0.061 mL, 0.706 mmol) was added to this solution, 
\^^ch was heated at 50*^C overnight, then cooled to room temperature and purified 
by flash du-omatography on silica gd using 10-25% acetone/hexanes as duant. The 
column firactions containing product were combined and concentrated in vacuo. 
The concentrate was taken up in methanol, treated with hydrochloric add 
(1.0M/Et20, 1.0 equivalent), re-evaporated to dryness, then washed with eth)i ether, 
filtered, and dried to give 0.102 g of the hydrodiloride salt of 7-(tran5-4-all)4oxy- 
cydohexyiamino)-3-(2-chlorophen^)-l-meth)d-3,4-dihydropyrimido[4,5-dl- 
pyrimidin-2( lH)-one. 

Example 14 
Compounds 3-38 and 3-39 
This example illustrates the preparation of 3-(2-chlorophen)d)-7-(mms-4- 
methoxycydohexylamino)-l-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)- 
one and 3-(2-chlorophenyi)-7-[(tram-4-methoxycydohexyl)methTdamino]-l- 
meth^-3,4-dihydropyrimido [4,5-d] pyrimidin-2( lH)-one, 
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Sulfonel^ 




3-(2-CUorophen)d)-7-(rrans-4-h)rdroxycydohex^ainino)-l-me& 
dihydropyrimido[4^d]pyriinidin-2(lH)-one (0300 g> 0.773 mmol) (prepared as 
described in Example 13) was combined widi potassium tert-butoxide (0.174 g, 
1.55 mmol) in 5 mL tetrahydrofuran. Methyl iodide (0.053 mL, 0.851 mmol) was 
added to this solution, which was stirred at room temperature for 3 days. Additional 
methyl iodide (0.053 mL, 0.851 mmol) and potassium tert-butoxide (0.174 g, 1.55 
mmol) were added, followed after 4 hours by forther potassium tert-butoxide 
(0350 g, 3.12 mmol). The reaction was stirred at 60**C overnight, then cooled to 
room temperature and purified by flash chromatography on silica gel using 25-35% 
acetone/hexanes as duant to yidd a mixture two products. The separate column 
fractions were each separated and concentrated in vacuo. The sq>arate concentrates 
were each taken up in methanol, treated widi hydrochloric add ( 1.0M/£t2O, 
1.0 equivalent), re-evaporated to dryness, washed with etiiyd etiier, filtered, and 
dried to give 0.049 g of 3-(2-dilorophenj^)-7-(lram-4-methoxycydohexylamino)- 
l-methyi-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one and 0.217 g of 3-(2- 
chlorophen)i)-7- [(tran5-4-methoxycydohexyl)methylamino] -3,4-dihydro- 
pyrinDddo[4,5-dlpyrimidin*2(lH)-one. 

Example 15 
Compound 3-40 

This example illustrates the preparation of 3-(2-chlorophen^)-7-[lrans-4- 
(2-methoxyethoxy)cydohexylamino]- 1 -methyl-3,4-dihydropyrimido[4,5- 
d]pyriniidin-2( lH)-one. 
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CI 



X) 



CI 



X) 



Sulfone 1^ 




H 



0 ^ 




OH 



3-(2-Chlorophen7l)-7-(trflm-4-hydro3cyqrdohexyianiino)-l-met^ 
dihydro-pyriinido[4>5-d]pyrinudin-2(lH)-one (0.300 g, 0.773 mmol) (prepared as 
described in Example 13) was combined widi potassium teit-butoxide (0.174g> 
1.55 mmol) in 2 mL tetrahydrofiuan. 2-Bromoeth^ meth^ ether (0.15 mL, 1.55 
mmol) was added to tfiis solution, i^ch was heated at room temperature for 3 
days. Additional potassium tsrt-butoxide was added (0.174 g, 1.55 mmol) and the 
temperature was gradually raised to 80^C The reaction residue was redissolved in 2 
mL N,N-dimeth^-formamide, additional potassium tert-butoxide (0.348 g» 3.10 
mmol) was added, and the reaction mixture was stirred overnight at SOX. Sodium 
hydride (60% in oil; 0.031 g, 0.773 mmol) was added, and the reaction stirred for 
one day at 100**C and the following day at 140X and then cooled to room 
temperature. The reaction was poured into water, extracted with ethyl acetate, 
dried over magnesium sulfate, and evaporated in vacuo. The residue was purified 
by flash chromatography on silica gd using 25-50% acetone/hexanes as duant The 
column fractions containing product were combined and concentrated in vaaw^ 
and the concentrate was taken up in methanol, treated widi hydrochloric add 
(1.0M/Et20, 1.0 equivalent), re-evaporated to dryness, washed with etih^ ether, 
fQtercd, and dried to give 0.040 g of the hydrochloride salt of 3-(2-chlorophenyl)-7- 
[fraiis-4-(2-methoxyethoxy)cydohcxydamino]-l-medi^-3,4-dihydropyrinu 
[4,5-dlpyrimidin-2( lH)-one. 
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Example 16 
Compound 3-41 

This example illustrates the preparation of 3-(2-chIorophen)d)-7- [(tran5-4- 
methyIcarbon]4ox7)cydohex7lamino]-l-methyl-3>4-dihydropyr^ 
d]pyrixnidm-2( lH)-one. 

CIs.^ Cl> 



Sutfone 1.3 



— Vo 

' " CH3 



OH OyCHg 

O 

3- (2-Qdorophen^)-7-( trans-4-hydTOxycydohexylamino)- l-meA;^-3,4- 
dihydropyiinudo[4,5-d]pyiunidin-2(lH)-one (0^00 g» 0.516 mmol) (prepared as 
described in Example 13) was taken up in 2 mL dichloromethane, and combined 

10 with acet^ chloride (0.074 mL, L03 mmol). The reaction was stirred at room 

temperature overnight, then purified by flash chromatography on silica gel using 1- 
5% medianol/dichlorometfaane as duant The column fractions containing product 
were combined and concentrated in vacuo. The concentrate was taken up in 
methanol, treated with hydrochloric add (1.0M/Et20, 1.0 equivalent), and re- 

15 evaporated to dryness, washed with eth^ ether, filtered, and dried to give 0«200 g of 
the hydrochloride salt of 3-(2-chlorophen^)-7-[(trans-4-meth^carbon)doxy)- 
cydohexyiamino]-l-methyl-3,4-dihydropyriniido-[4>5-d]pyrimidin-2(l^ 

Example 17 

20 Compoimd 3-44 

This example illustrates the preparation of 3-(2-chlorophen^)-7-[trans-4- 
(2,3-dihydroxypropoxy)cydohexyiamino] - l-meth^-3,4-dihydropyrimido [4,5- 
d]pyrimidin-2( lH)-one. 
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Sulfonel.3 



The free base of 7-(traw-4-aD^ox)rcydohcx^aixiino)-3-(2-chlorophen;^)-l- 
mcth]^-3,4-dihydropyriinido[4,5-d]pyrinu^^ (0-40 g, 0.935 mmol) 

(prepared as described above in Example 13) was taken up in 4.9 mL teft-butanol> 
to which an aqueous solution of AD-mix p (Adrich Chemicals) was added (2.91 g in 
4.9 mL) before heatmg to lOO^C for 2 days, and ihen SO^'C for 3 days. The reaction 
mixture was poured into saturated brine, extracted with eth^ acetate, dried with 
magnesium sul&te, and evaporated in vacuo. The crude residue was purified by 
flash chromatography on silica gd using 3-5% methanol/dichloromethane as 
duanL The column firactions containing product were combined and concentrated 
in vacuo. The concentrate was taken up in methanol, treated with hydrochloric add 
(LOM/EtjO, 1.0 equivalent), and re-evaporated to dryness, then washed with eth^ 
ether, filtered, and dried to give 0.019 g of the hydrochloride salt of 3-(2-chloro- 
phenyl)-7-[tram-4-(23-dihydroxypropoxy)cydohcx^aminol-l-meth^-3,4 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

Example 18 
Compound 3*59 

This example illustrates the preparation of 7-(trans-4-aminocydohexyi- 
amino)-3-(2-chlorophenyl)-l-meth)d-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 
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Sulfone 13 (605 mg» 1.71 mmol) was combined with trans-lA- 
diaminocydohescane (1.61 g> 14.1 mmol) and 5 mL of l-methyl-2-pyrrolidinone. 
The reaction mixture was stirred at 85 for 4 hours. After cooling, the reaction 
mixture was diluted with 50 mL of edi^ acetate. The organic layer was sequentially 
washed with water and brine, dried, and concentrated in vacuo to give 654 mg 
(99%) of the free base of the product as a pale yellow foam. The free base was taken 
up in ethyl acetate and treated widi a IM solution ofUQfEXiO to form the 
dihydrochloride salt of 7-(tram-4-aminocyclohex^-amino)-3*(2-chlorophenyi)-l- 
metfa^-3,4-dihydropyrimido- [4,5-d]pyrimidin-2(lH)-one as a white powder. 

Compoimd3-57 

This example illustrates the preparation of 7-(fram-4-methylsulfon^- 
amidocydohex^amino)0-(2-chIorophen^)-l-methyl-3,4-dihydropyrimido- 
[4,5*d] -pyrimidin-2( lH)-one. 



To a solution of 7-(fnin5-4-aminocydohexylamino)-3-(2-chlorophen^)-l- 
methyi-3,4-dihydropyrirnido[4,S-d]pyrimidin-2(lH)-one (88 mg, 0.227 mmol) 



CI 



X) 



X) 



Sulfone 1.3 
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(prepared as described above in Example 18) in 8 mL of dichloromethane were 
added triethydamine (0.40 mL» 0.29 mmol) and methanesulfonic anhydride (60 mg, 
0.34 mmol). The reaction mixture was stirred at ambient temperature for 3 hours. 
The reaction mixture was concentrated in vacuo and purification by 
chromatography using 5% methanol/ dichloromethane as duant gave 86 mg (81%) 
of the free base of the product as a v*ite powder. The free base was taken up in 
eth)d acetate and treated with a IM solution of HCl/Et20 to form the hydrochloride 
salt of 7-(tran5-4-meth)4sulfon^aniidocyd[ohex^-arnino)-3-(2-chlorophen)d)-l- 
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Example 20 
Compound 3-58 

This example illustrates the preparation of 7-[trfln5-4-(NjS)^-dimethyl- 
sulfemo)damido)cyclohex>damino]-3-(2-chlorophen^)-l-meth^-3,4- 
dihydropyriinido-[4,5-d]-pyrimidin-2(lH)-one. 



Sutfone1.3 — 








0 








0 0 





To a solution of 7-(trai»-4-anainocydohexylamino)-3-(2-chlorophenyl)-l- 
mcthjd-3,4-dihydropyximido[4,5-d]pyrimidin-2(lH)-one (171 mg, 0.442 mmol) 
(prepared as described above in Example 18) in 15 mL of dichloromethane were 
added triethylamine (0.1 1 mL, 0.79 nunol) and a solution of dimeth^ulfamoyl 
chloride (0.31 g, 0.21 mmol) in 5 mL of dichloromethane. The reaction mixture 
was stirred at ambient temperature for 19 hours and concentrated in vacuo. 
Purification by chromatography using 5% methanol/ dichloromethane as duant 
gave 143 mg (65%) of the free base of the product as a white powder. The free base 
was taken up in ethyl acetate and treated with HCl/EtaO to form the hydrochloride 
salt of 7- [mMis-4-(N,N-dimethyi-5ulfeunoylanMdo)cydohex)daminol- 
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3-(2-chlorophenyl)-l-meth^-3,4-dihydropyrimido-[4,5-d]p 
a ii^te powder. 

Ryamplg 21 

Compound 3-9 

This example illustrates the preparation of 7-(rrans-4-hydroxycyclohexyl- 
amino)-l-meth^-3-ortfeo-tolyl-3,4-dihydropyriimdo[4,5-dlpyrimidin-2(lH 




Sulfone 1.4 (300 mg, 0.903 mmol) was combined with tran5-4-amino- 
qrdohexanol (312 mg, 2.71 mmol), stirred at 120**C and monitored by TLC (5% 
methanol/ dichloromethane). When complete, the reaction mixture was 
concentrated under vacuum and piuifiedby chromatography with 5-10% 
methanol/dichloromethane to provide the title compound (263 mg, 0.716 mmol, 
79% yield) which was taken up in eth^ acetate and treated with 1 equivalent 
Hd/EtaO to precipitate the HCl salt of 7-(mins-4-hydro3cy-cydohexjdamino)-l- 
meth)4-3-ort/io-tolyi-3,4-dihydropyriinido(4,5-d)pyrimidin-2(lH)-one. 

Example 22 
Compound 3-23 

This example illustrates the preparation of 7-((lU^>23-dihydrox)r-l- 
meth)dprop)damino) -3-ort/io-tolyl- l-methyi-3,4-dihydropyrimido [4,5-dl - 
pyrimidin-2(lH)-one. 
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OH 



Sulfone 1.4 (455 mg> 1.37 mmol) and (R>jR)-3-amino-l,2-butanediol (180 nig> 
L71 mmol) in 1,2-dimethox/ediane (1 mL) was heated to IOOK: for 2 hours under 
argon. The reaction was cooled to room temperature and diluted with 9:1 
dichlorometfaane/methanol and purified by chromatography on silica gel using 96:4 
dichlorometfaane/methanol and 9:1 dichloromethane/metfaanol as eluants to give 
175 mg of the title compound as a colorless oil, which was dissolved in etfa)4 acetate 
and treated with 1 equivalent of hydrochloric add (l.OM in ether). The precipitate 
was collected by vacuum filtration^ washed with ethyl acetate and dried in vacuo to 
give 190 mg of 7-(fR,l?>23-dihydroxy-l>methyiprop^amino]-3-orrfio-tolyl-l- 
methyl-3>4-dihydropyrimido[4,5*d]pyrimidin-2(lH)-one as a white soUd. 

Example 23 
Compound 3-33 

This example illustrates the preparation of 7-(23-dihydroxy-l,l-dimethyl- 
propyiamino]-3-c>rtha-tolyl-l-meth^-3,4-dihydropyrimido[43-d]pyrimidin- 
2(lH)-one. 




OH 



Sulfone 1.4 (400 mg, 12 mmol) was combined with 3-amino-3-methyl-l,2- 
butanediol (305 mg, 2.1 mmol) and l-metii^-2-pyrrolidinone (1 mL). The 
reaction mixture was heated to 100*^C for 4 hours at yMch time it was cooled to 
room temperature and concentrated in vacuo. The residue was purified by column 
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chromatography on silica gel using 99:1 dichloromethane/methanol as duant The 
column fractions containing product were combined and concentrated in vacuo to 
give the title compound as an oil, which was re-dissolved in eth)4 acetate. Addition 
of hydrochloric add (l.OM/EtaO, 2.0 equivalents) gave the salt which was filtered 
and dried to give 71mg of of the hydrochloride salt of 7-(2,3-dihydroxy-l,l- 
dimeth^propylamino] -3-ort/jo-tolyl-l-methyl-3,4-dihydropyrimido- [4,5- 
d]pyrimidin-2 ( lH)-one. 

Example 24 
Compound 2-9 

This example illustrates the preparation of 7-(l-benz^piperidin-4- 
^aniino)-l-methyl-3-ortfto-tolyl-3,4-dihydropyrinudo[4,5-d]pyrimidin--2(lH)- 
one. 




Sulfone 1.4 (1 g, 3 mmol) was combined with 4-aniino-l-benzyipiperidine 
(687 mg, 3.6 mmol) and 2-methoxyethyi ether (1 mL). The mixture was heated to 
120**C for 4 hours at vAnch time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by column chromatography on 
silica gd using 97:3 didilorometfaane/ methanol as duant. The colunm fractions 
containing product were combined and concentrated in vacuo to an oil diat was re- 
dissolved in ethyl acetate. Addition of hydrochloric add (1.0M/Et2O> 2.0 
equivalents) gave the salt i^ch was filtered and dried to give 198 mg of the 
hydrochloride salt of 7-(l-benzyipiperidin-4-^amino)-l-meth^-3-OTt/io-tol]^-3>4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 
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Example 25 
Compound 2-8 

This example illustrates the preparation of 7-(piperidin-4-ylamino)-l- 
methyl-3-orrfio-tolyi-3,4-dihydropyrimido[4,5-d]pyximidin-2(lH^ 

"sCn,^ H3C. 

Suifone 1.4 




In a three-necked flask under nitrogen was charged with 10% palladium on 
carbon (3.0 g), and 7-(l-ben2ylpiperidin-4-)4amino)-l-methyl-3-artfco-tolyl-3,4- 
dihydropyriinido[4,5-d]pyrimidin-2(lH)-one (3.0 g, 6.78 mmol) (prepared as 

10 described in Example 24) in 60 mL of methanol was added under nitrogen through 
a syringe. Ammonium formate (2.1 g, 34 mmol) was then added in one batch. The 
mixture was heated to reflux for 30 xninutes until the reaction was completed. The 
catalyst was filtered off throi^ Celite and washed with methanol The filtrate was 
concentrated under reduced pressure to givcl.937 g (81%) of 7-(piperidin-4- 

15 ylamino)-l-metii^-3-ortho-tolyi-3,4-dihydropyrimido[4,5-d]-pyrimidin-2 
one as a white solid. 

Example 26 
Compound 2-14 

20 This example illustrates Ae preparation of (JS)-?- [ l-(2,3-d]hydroxyprop]4)- 

piperidin-4-^amino] - l-meth^-3-ojtfco*tol^-3,4-dihydropyrimido (4>5-d] - 
pyrimidin-2( lH)-one. 



wo 01/29042 



PCT/EPOO/10088 



64 



Sulfone 1.4 




OH 



A mixture of 7-(piperidin-4-)damino)-l-meth)d-3-artho-tol)d-3,4-dihydro- 
pyrimido[4,5-d]pyriinidm-2(lH)-one (0^ g, 0.568 mmol) (prepared as described 
in Example 25), piperidine L-isoprop^dcn^ycerol-y-tosylate (0.264 & 0.92 
mmol), and potassium carbonate (0.12 g, 1.1 mmol) in 5mL of NJ^-dimeth)d- 
formamide was heated at lOO^C for 17 hours. The reaction mixture was diluted 
with 75 mL of water and extracted with 1:1 toluene/ethyl acetate, and the layers 
separated. The organic layer was washed with water and brine, dried, filtered, 
concentrated under reduced pressure, and purified by column chromatography on 
siHca gel using 95:5:0.2 eth^ acetate/methanol/isopropyl amine as duant The 
coliunn fiactions containing the product (0.157 g, 0.34 mmol) was then dissolved in 
10 mL of isopropanol, ImL of water and 0.2 mL of concentrated hydrochloric add, 
and was refluxed for 1 hour until hydrolysis was completed. The mixture was 
concentrated under reduced pressure, and the residue was taken up in methanol 
and was again concentrated. The residue was purified by chromatography on siUca 
gd using 18:2:0.5 dichloromethane/methanol/isopropyl amine as duant to give 
90 mg of the product, which was dissolved in 1.5 mL of ethyl acetate and 1.5 mL of 
methanol. Addition of IM hydrochloric add in ether gave 113 mg (72.5%) of the 
hydrochloride salt of (R)-7-[l-(23-dihydroxypropyl)piperidin-4-)daminol-l- 
meth^-3-Drtfca-tolyl-3,4-dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one- 
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Example 27 
Compound 2-13 

This example illustrates the preparation of 7-[l-{2-hyd^oxyeth)d)-piperidin• 
4'^amino] - l-methyi-3-ortfco-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2( IH)- 
one. 



Sulfond1.4 




A mixture of 7-(piperidin-4-^amino)-l-methyl-3-<wtfto-tol^-3,4-dihydro- 
pyrimido[4>5-d]pyrimidin-2(lH>one (0.1 g, 0.284 mmol) (prepared as described 
in Example 25), 2-bromoethanol (0.024 mL, 0.34 mmol), and triethyiamine 
(0.047 mL, 0.34 mmol) in 10 mL of toluene and 1.5 mL of DMPU was heated at 
100**C for 17 hours. The solvent was evaporated under reduced pressure and the 
residue was purified by chromatography on silica gel using 40:10:2 ethyl acetate/ 
methanol/ isopropylamine as eluant to give 70 mg (52%) of 7-[l-(2-hydroxyethyi)- 
piperidin-4-^amino] - l-meth)d-3-ort/u>-tol^-3,4-dihydropyrimido (4,5-dl - 
pyrimidin-2(lH)-one. 



Example 28 
Compound 2-15 

This example illustrates tiie preparation of 7-[l-(2-cyanocthyl)-piperidin-4- 
)damino]-l-meth^-3-artfco-tol^-3,4-dihydropyrimido[4,5-d]pyrinudm 
one. 
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Sulfone 1.4 




A mixture of 7-(piperidin-4-)damino)-l-methyl-3-o-tol)d-3,4-dihydro- 
pyrimido[4^-d]pyrimidin--2(lH)-one (0.184 g, 0.52 mmol) (prepared as described 
in Example 25), 1.5 mL of acrjdonitrile, 0.5 mL of triethyiamine, 0.5 mL of 1- 
methyi-2-pyrrolidinone, and 5 mL of tetiahydrofuran was heated to 75**C for 1.5 
hours until the reaction was completed. The reaction mixture was concentrated 
under reduced pressiure and was piuified by chromatography on silica gd using 
10% methanol in ethyl acetate as duant to give 0.157 g (75%) of the product. IM 
Hydrochloric add was added to 75 mg of the product dissolved in ethjd acetate, and 
the mixture stirred at room temperature for 1 hour, and the residue filtered under 
nitrogen to give the hydrochloride salt of 7- [l-(2-cyanoethyl)piperidin-4-ylamino]- 
l-methyi-3-ortfca-tol)d-3,4-dihydropyrimido-[4,5-d]pyrimidin-2(lH)-one. 

Example 29 
Compound 2-16 

This example illustrates the preparation of 7- [ l-(2-cyanoetfayi)piperidin-4- 
^aminol-l-metiiyl-3-artto-tolyl-3,4-dihydropyrimido[4,5-d]pyrim 



Sutfone1.4 
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The7-[(l-ethoxycaibonyipiperi<im-4-^)aimno]-l-methyi-3-ort^ 
dihydropyrimido[4,5-d]pyriinidin-2(lH)-one (52 mg, 1.28 mmol) was taken up in 
5 xnL dichloromethane with iodotrimeth)dsilane (0.88 mL, 6.18 mmol) and refluxed 
overnight, then quenched with 1 mL methanol and evaporated in vacuo. The dry 
residue was redissolved in methanol, to which 1.28 mL of 0.5M sodium methoxide/ 
methanol was added before again evaporating in vacuo and purifying by flash 
chromatography on silica gd using 10-40% methanoVdichloromethane with 1% 
ammonium hydroxide as eluant The colxmm fractions containing 7-piperidin-4- 
yiamino- l-meth)d-3-ortfto-tolyl-3,4-dihydropyrimido[4,5-d] -pyrimidin-2(lH)-one 
were combined and concentrated in vacuo. 

7-(Piperidin-4-yiamino)-l-methyl-3-artfto-tolyl-3,4-dihydropyriinido- 
[4,5-d]pyrimidin-2(lH)-one (0.035 g, 0.099 nmiol) in 1 mL N,N-dimethyi- 
formamide was combined with bromoacetonitrile (0.014 mL, 0.199 nmiol) and 
stirred at 40**C overnight, then purified by flash chromatography on silica gel using 
3-10% (1:9 ammonium hydroxide/methanol)/dichloromethane as eluant. The 
column fractions containing product were combined and concentrated in vacuo. 
The product was taken up in methanol, treated with hydrochloric acid (1.0M/Et2O, 
1.0 equivalent), re-evaporated to dryness, then washed with eth^ ether, filtered, and 
dried to give 0.007 g of the hydrochloride salt of 7-[l-(2-cyanomethyl)piperidin-4- 
;^amino] - l-methyl-3-artho-tol^-3,4-dihydropyrimido 14,5-d] -pyrimidin-2( IH)- 
one. 

Compound 2-20 

This example illustrates the preparation of 7-[ l-(2-methoxycaibonyleth^)- 
piperidin-4-ylamino]-l-mcthyl-3-ortfco-tolylO,4-dihydropyrimido[4^^ 
pyriinidin-2( lH)-one. 
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Sulfone 1.4 




A mixture of 7-{piperidin-4-ylainmo)- 1 -meth"^-3-oit/io-tol^-3,4-dihydro- 
pyTimido[4,5-d]pyTimidin-2(lH)-one (0.19 g> 0.54 mmol) (prq>axed as described 
in Example 25), 1.0 mL of meth)d acr^ate, 0.5 mL of trieth^amine, 0.5 mL of 1- 
methyl-2'pyxrolidinone, and 5 mL of tetrahydrofuian was heated at 75^C foT 17 
hours. The reaction mixture was ev;q>orated under reduced pressure^ and &e 
residue was purified by chromatography on silica gd using 5% methanol in 
dichloromethane as duant to give 132 xmg (56%yidd) of the product IM 
Hydrochloric add in ether was added to a solution of the product in eth^ acetate, 
and the suspension stirred at room temperature for 1 hour. The mixture was 
evaporated under reduced pressure to give the hydrochloride salt of 7-[l-(2- 
methoxy-carbonylethyi)piperidin-4-^amino]-l-meAyi-3-artfco-tol^-3,4- 
dihydropyrimido- [4,5-d]pyrimidin-2( lH)-one. 

Emmple 31 
Compound 2-18 

This example illustrates the preparation of 7-[(l-carbamoylmeth^- 
piperidin-4-^)carbamo)dmeth)damino]-l-methyl-3-artho-tolyi-3,4-dihydro- 
pyrimido- [4,5-d]pyrimidin*2( lH)-one. 




H3C. 



Sulfone 1.4 
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7-(Piperidin-4-ylamino)- 1 -methyl-3-()ftho-tolyi-3,4-ciihydropyriinido- 
[4,5-d]pyrimi<im-2(lH)-one (0.030 g, 0.080 mmol) (prepared as described in 
Example 25) was taken up in 1 mL N,N-dimethyIfoniiamide with bromoacetamide 
(0.022 g> 0.161 mmol) and stirred at 50^C overnight. Another portion of 
bromoacetamide (0.022 g) was added before returning the reaction to 50^C for a 
second ni^L The reaction mixture was purified by flash chromatc^aphy on silica 
gd using 6-20% ( 1:9 ammonium hydroxide/ methanol)/dichloromethane as duant 
The colunm fiactions containing product were combined and concentrated in 
vacuo. The final product was taken up in methanol, treated with hydrochloric add 
(L0M/Et20, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, 
filtered, and dried to give 0.001 g of the hydrochloride salt of 7-[(l-carbamo^- 
methylpiperidin-4-)d)carbamo)4meth>d-amino]-l-meth^-3-ort/M)-tol^-3,4- 
dihydropyximido[4,5-d]pyrimidin-2(lH)-one. 

Example 32 
Compound 2-12 

This example illustrates the preparation of 7-(l-methanesulfonyipiperidin- 
4-yl)- l-methyl-3-ortiio-tol^-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. 



Sulfone1.4 




7-(Piperidin-4-)damino)-l-methyl-3-(;it/io-tolyi-3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2(lH)-one (0.200 g, 0.567 mmol) (prepared as described in 
Example 25) was taken up in 5 mL pyridine, and the solution cooled to OX before 
adding methanesulfonyl chloride (0.046 mL, 0.596 mmol). The reaction was stirred 
at O^C for 2 hours then quenched with ice water and extracted with ethyl acetate. 
The organic extracts were washed with water and saturated aqueous sodium 
bicarbonate, then rewashed with water and evaporated in vacuo. The residue was 
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purified by column chFomatography on silica gd using 1:15 xnethanol/dichloro- 
methane as duant. The colunm fractions containing product were combined and 
concentrated in vacuo, and the final product redissolved in a minimum volume of 
eth)d acetate and methanol. Addition of hydrochloric acid (L0M/Et20, 1.0 
equivalent) gave the salt \^ch was filtered and dried to give 0. 124 g of the 
hydrochloride salt of 7-(l-methanesulfon)4piperidin-4-)d)-l-methyl-3-ortfia-tolyl- 
3>4-dihydropyrimido[4,5-d]pyrimidin*2( lH)-one. 

Eacample 33 
Compound 2-17 

This example illustrates the preparation of 3-(2-chlorophen^)-7-(l-cyano- 
meth)dpiperidin-4-^aniino)-l-meth^-3,4-dihydropyriniido[4,5-d]pyrimidin- 
2(lH)-one. 



Sulfone 1.3 




3-(2-Chlorophenyl)-7-(piperidin-4-ykmino)- 1 -methyi-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (0.030 g, 0.080 mmol) (prepared similarly as 
described in Example 29) was taken up in 1 mL N>N-dimeth^ormamide with 
bromoacetonitrile (0.011 mL, 0.161 mmol) and stirred at 50°C overnight Another 
0.011 mL bromoacetonitrile was added before returning the reaction to 50°C for a 
second night The reaction mixture was purified by flash chromatography on silica 
gd using 1-20% (1:9 ammonium hydroxide/ methanol)/ dichlorometfaane as 
duant The column firactions containing product were combined and concentrated 
in vacuo, which was taken up in methanol, treated with hydrochloric add 
(1.0M/Et20, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, 
filtered, and dried to give 0.002 g of the hydrochloride salt of -3-(2-chloro-phen)d)- 
7-(l-cyanomethylpiperidin-4-ylamino)-l-meth^-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 
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Example 34 

4-4minA- 9,lwmTy1fliiftpYrpmiHSng>>'v^i :boxddeh 




5 

34 J Preparation of4-ammO'5-carbethoxy'pyrimidme'2'thiol 
Sodium ethoxide (272 g, 4.0 mol) (Lancaster) was stirred in 1 L of ethanol 
and trea^ with thiouiea (304 g, 4.0 mol) (Avocado). Ethyl ethoxymethylene 
cyanoacetate (676 g, 4.0 mol) (Avocado) was added and the mixture heated at 

10 reflux for 8 hours. After cooling to room temperature overnight, the reaction 

mixture was treated sequentially with 2 L of water and 400 mL of acetic acid. The 
reaction mixture was heated at reflux for 30 minutes, cooled to room temperature, 
and the suspension filtered. The solid was washed three 500 mL portions of water, 
two 500 mL portions of acetone, and 500 mL of diethyl ether. The product was 

15 dried to give 473.3 g (60%) of 4-amino-5-carbethoxy-pyrimidine-2-thiol as a cream 
solid of melting point >250''C. 

34.2 Preparation of4-ammO'2'benzylthwpyrimidine-5'CarboxyIate 
A stirred suspension of 4-aiiiino-5-carbethoxy-pyrimidine-2-thiol (473 g, 
20 2.377 mol) in 3.5 L of ethanol was treated with potassium carbonate ( 1 80.4 g, 1.307 
mol) and benzyl bromide (447.1 g, 2.615 mol). The mixture was heated at reflux 
for 2 hours then allowed to cool to room temperature overnight The suspension 
was filtered and the solid washed with two 500 mL portions of ethanol, 2 L of water 
and two 500 mL portions of water. The product was dried in vacuo over 
25 phosphorus pentoxide at 50^C to give 416 g (61%) of eth)d 4-amino-2- 

benzylthiopyrimidine-5-carboxyiate as a cream solid of melting point 1 17-118X. 
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34.3 Preparation of 4'aniinO'2'ben^bhwpyrimidme-5'methanol 
A solution of etfa^ 4-anuno-2-ben2yllliiopyrimidine-5*carbox^te (462.4 g, 
1.6 mol) of in 2.3 L of sieve-dried tetrahydrofiiran was added siovAy with stirring to 
a 1 M solution of lithium aluminium hydride (1.6 L, 1.6mol) in tetrahydrofiiran 
5 under a nitrogen atmosphere with ice-cooling. The solution was added at a rate to 
maintain a temperature of 18-20^C. On completion of the addition, the mixture 
was heated to 60''C and treated cautiously with 60.8 mL of water during 1.5 hours. 
15% aqueous sodium hydroxide (60.8 mL)was added during 30 minutes, followed 
by 182.5 mL of water during 30 minutes. The suspension was stirred at 60^*0 
10 overnight then filtered through Hyflo filter aid y/tUle still hot, and the solid washed 
with two 1 L portions of tetrahydrofiiran. Evaporation of the filtrate to dryness 
gave 392.5 g (99%) of 4-amino-2-benzyldiiopyrimidine-5-methanol as an off-\^te 
solid \^ch was used in the next step without fiirther purification. 

15 34A Preparation of4'amno-2-benzyUhiopyrimi^^ 

A suspension of 4-amino-2-benz^thiopyrimidine-5-methanol (392.5 g, 
1.59 mol) in 7.75 L of dichloromethane under a nitrogen atmosphere was treated 
with actii^ted manganese dioxide (1382 15.9 mol) (Acros). The reaction 
mixture was stirred at ambient temperature overnight then filtered through Hyflo 

20 filter aid. The solid was washed with three 1 L portions of dichloromethane and the 
combined filtrates evaporated to give 340.5 g (88%) of 4-amino-2-benzylthio- 
pyrimidine-5-carboxaldehyde as a pale yellow solid of mdting point 136- 139X. 

Example 35 

25 3-f2HJilorophenylV7-benzvlduo-3.4-dihydropvrimidof4.5-d^ 

one 
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35. J Preparation of5'(2-Morophmyl)armnomeAt^^^ 
benzyllhiapyrifmdine 




A mixture of 4-ainino-2-benz^thiopyTiinidine-5-ca]ix>^ (5 g, 
5 20.4 mmol), 2-chloroaniline (2.25 xnL, 21.4 mmol) and 4-toIuene-$uIfonic add 
monohydrate (0.1 g, 0.5 mmol) in 60 mL of toluene was heated under reflux with 
azeotropic removal of water for 3 hours. The mixture was cooled to O^C and the 
precipitate was collected by vacuum filtration and was washed with hexanes and air 
dried. This solid was then dissolved in 100 mL tetrahydrofuran and the solution 
10 cooled to O^C. Lithium aluminium hydride (0.735 g, 18.8 mmol) was added in 

small portions over 45 minutes. Once the addition was complete^ the mixture was 
stirred for a further 15 minutes and carefully treated sequentially with 0.8 mL water> 
0.8 mL of 15% aqueous sodium hydroxide and then 2.4 mL of water. The mixture 
was stirred for 30 minutes, filtered through celite» and the filtrate concentrated in 
15 vacuo. The solid was stirred with dieth^ ether, filtered and air dried to give 6.1 g of 
5*(2-cUorophen]^)aminometfayl-4-anuno-2-ben2yithiopyrimidine as a vdiite solid. 

35.2 Preparation of3-(2-dilorophenyl)'7-benzyllhiO'3,4-dibyiiropyrimido- 
[4,5'dJpyrirmdin-2( lH)-me 




Sulfide 8.1 

To a stirred solution, cooled to -lO^C of 5-(2-chlorophenyl) aminomethyi- 
4-amino-2-benz^thiopyrimidine (4.3 g, 12.1 mmol) in 100 mL of tetrahydrofuran 
was added triedi^amine (3.1 mL, 22.2 nmiol). This solution was then treated 
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dropwise with a solution of phosgene (6. 15 nfiL of 20% solution in toluene; 
11.8 mmol). After stirring for 30 minutes, additional triethydamine (1.0 mL, 
7.1 mmol) was added followed by phosgene (2.0 mL of 20% solution in toluene; 
3.8 mmol). The reaction was warmed to room temperature, treated with 0.5 mL 
5 water and stirred for 30 minutes. The reaction was then filtered and the mother 
liquor was concentrated and stirred with dichloromethane. The product was then 
collected by vacuum filtration and dried in vacuo to give 3.83 g of 3-(2- 
cUorophenyl)-7-benzjdthio-3,4-dihydropyrimido-[4,5-d]pyrinflidin-2(lH)-one as a 
white solid (sulfide 8.1). 

10 



Example 36 

3-(2>ddorophenyl)-7-benzylsulfonvl-3.4^vdropvYinMdor43-d]pv^ 

2flHVone 




Sutfone 9.1 



15 A suspension of sulfide 8.1 (1 g, 2.61 mmol) in 10 mL of dichloromethane 

was cooled in ice and treated with 70% 3-chloroperbenzoic add (1.29 g, 5.23 
mmol). The mixture was stirred at room temperature for 2 hours, then treated with 
25 mL of 10% aqueous sodium thiosulphate and left to stir for 30 minutes. The 
resulting mixture was diluted with 100 mL dichloromethane and the phases were 

20 separated. The organic phase was washed with 10% aqueous potassium carbonate, 
then brine, and then dried over magnesium sul&te and filtered. Concentration of 
the filtrate under reduced pressure gave 0.73 g of 3-(2-chlorophenyl)-7- 
beiizyisiilfonyl-3,4-^ydropyrimido[4,5-d]-pyriniidin-2(lH)-one (sulfone 9.1) as a 
white solid. 



25 
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A related compound, 7-beji2^ulfonyl-3-artft^>-tolyl-3,4-dihydro- 
pyrimido(4,5-dlpyrimidin-2(lH)-one (sulfone 9*2) was prepared using ortho 
toluidine in place of 2-chloroaniIine in Example 35. 



Example 37 
Compound 3-26 

This escample illustrates the preparation of 3-(2-chlorophenyi)-7-(trans-4- 
hydroxycydohexjdamino)-l-(2-pyTroUdin-l-yi-ethyi)-3,4-dihydropyriinido[4,5-d] 
pyrimidin-2( lH)-one. 

37.1 Preparation of7Aferizylthio-3-(2'd%hrophenyl)-l'(2-^^ 
elhyl)'3,4-dihydrop)nirriido[4,5-dJpyrimidin-2( lH)-one, 




Sulfide 8.1 (500 mg> 1.31 mmol) was taken up in 2 mL tetrahydrofiiran and 
combined with l-(2-hydroxyethyl)p)TO)lidine (0.23 mL, 1.96 mmol)» 
triphenyiphosphine (514 mg> 1.96 nmiol), and DEAD (0.31 mL, 1.96 mmol). The 
reaction mixture was stirred at room temperature for 3 hours, when additional 
quantities of l-(2-hydroxyethyl)pyrrolidine, triphenyiphosphine, and DEAD were 
added (another 1.96 mmol each). The mixture was stirred at room temperature 
overnight and semipurifiedby chromatography on silica gd using 2.5-10% 
methanol/dichloromethane as duant, to provide >1 g mixture of product 




Sulfone 9.2 
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7-benz^thio-3-(2-chlorophen^)-l-(2-pyrroUdm-l-^clh^^ 
dihydropyriinido[4,5-d]-pyrimidin-2(lH)-one and residual starting materials. 

37-2 Preparation of7-benzylsulfonyU3-(2'Chloropher^l)'l -(Z-pyrroUdin-l - 
yl-edtyl)'3,4'dihydTopyrirriidol4,S-d]p 




Oxidation of 7-benz^thio-3-(2-chlorophenyl)-l-(2-pyrTolidin-l-^ethyl)- 
3,4-dihydropyrinudo[4,5-d]pyiiinidin-2(lH)-one was accomplished using 3- 
chloiopeioxy-benzoic acid (0.94 g, 3.92 mmol) in dichlorometfaane with stirring at 
room temperature for 1 hour. The reaction was quenched widi saturated sodium 
sulfite (aqueous, 1 mL) and extracted with dichloromediane. The combined 
extracts were dried> and concentrated in vacuo to provide 7-benz]4suIfon^-3-(2- 
cUorophen^)-l-(2-pyrrohdin-l-yleth^)-3,4-dihydropyrimido[4,5-d]pyTirm 
2( lH)-one, which was used without purification. 

37.3 Preparation of3'(2-dthrophenyl)'7'(tram-4'hydraxycydohexyU 
amino)'l-(2'pyrroUdin-l-yJethyl)'3,4'dihydropy^ 




The crude 7-benzyisulfon)d-3-(2-chlorophenyl)-l-(2-pyrrolidin-l-yieth)d)- 
3,4-dihydropyrimido[4>5-d]pyrimidin-2(lH)-one was taken up in 6 mL diglyme 
with rra7i5-4-aminocyciohexanol (165 mg, 1.44 mmol) and stirred at 120^C for 3 
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hours. The mixture was purified by chromatography on silica gd using 3-30% 
methanol/ dichloromethane as eluant to provide the title compound (45 mg, 
0.096 nmiol). The purified product was taken up in eth^ acetate and treated with 1 
equivalent HCl/EtaO to precipitate the hydrochloride salt of 3-(2-chlorophenyl)- 
7-(mins-4-hydroxycydohexyl-amino)- 1 - (2-pyrrolidin- l-yiethyi)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

Kvample 
Compound 3-27 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4- 
hydroxycydohex)darnino)-l-(2-diethyiaminoethyl)-3,4-dihydropyrinudo[ 
pyrimidin-2( lH)-one, 

38 J Preparation of 7-hcrvcylthio-3'(2-<hhrophenyl)-l-(^^ 
ethyl)-3,4-dihydropyrimido[4,5-d]p}nrimidin'2(lW 



Sulfide 8.1 (500 mg, 131 nmiol) was taken up in 2 mL tetrahydrofuran with 
N,N-dieth)dethanolamine (0.26 mL, 1.96 mmol), triphenyiphosphine (514 mg, 
1.96 mmol), and DEAD (0.31 mL, 1.96 mmol), and stirred at room temperature for 
3 hours, vdien additional quantities of dieth)dethanolamine, triphen)dphosphine, 
and DEAD were added (another 1.96 mmol each). The mixture was stirred at room 
temperature overnight and semipurified by chromatography on silica gd using 1- 
3.5% methanol/dichloromethane as duant, to provide >1 g mixture of 7- 
ben2)dthio-3-(2-dilorophenyl)-l-(2-diethylaminoethyi)-3,4-dihydropyrinudo[4,5^ 
d]pyrimidin-2(lH)-one and residual starting materials. 
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38.2 Preparation of7'benzylsulfinyU3-(2-chlorophenyl)'l '(2-diethylaminO' 
ethyl)-3,4'dihydropyrimido[4,5-d]pyrimidin-2(lH)-an^ 




Oxidation of the 7-ben2;)dthio-3-(2-chlorophen)d)-l-(2-dieth)daininoethyl)- 
3,4-dihydropyrimido[4>5-d]pyriniidin-2(lH)-one was accomplished using 3- 
chloroperoxy-benzoic add (0.339 g, 1.96 mmol) in dicUoromethane with stirring at 
room temperature for 1 hour. The reaction was quenched with 10% sodium sulfite 
solution (aq, 5 mL), poured into satiurated aqueous sodium bicarbonate, and 
extracted with dichloromethane. The combined extracts were dried with 
magnesium sul&te and concentrated in vacuo to provide 7-benzylsulfinyi-3-(2- 
dhlorophen)4)-l-(2-diethyiamino-eth)d)-3,4-dihydrop)Tiraido-[43-d]py^^ 
2( lH)-one» which was used without purification. 

38.3 Preparation of3-(2'Chlorophenyl)'l-(2'diethylarninoethyl)'7'(tr^^ 
hydro7cy-cydohexylaminoy3y4'JSkydropyrifmd^^ 




OH 



The crude 7-benzylsulfin^-3-(2-chlorophenyl)-l-(2-diethylaminoethyl)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one was taken up in 2 mL digtyme 
with traw-^-aminocydohexanol (150 mg, 1.31 mmol) and stirred at 120®C for 4 
hours. The mixture was purified by chromatography on silica gd using 5-35% 
methanol/ dichloromethane as duant to provide the titie compound (52 mg, 
0. 1 10 nunol). The purified product was taken up in ethyl acetate and treated with 
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1 equivalent HCl/EtaO to precipitate the hydrochloride salt of 3-(2-chlorophen)4)- 
7-(<ram-4-hydroxyqrdohexyi-ainino)-l-(2-diethylatninoethyl)-3,4-dihydro- 
pyriinido[4,5-dlpyriimdiii-2( lH)-one. 

Example 39 
Compound 3-30 

This example iUustrates the preparation of 3-{2-chlorophenyl)-l-(2- 
dimeth^aniinoeth)d)-7-(tra7is-4-hydroxycydohexylamino)-3,4-dihydro- 
pyrimido[4,5-d]-pyrimidin-2(lH)-one. 

39. J Preparation of 7'benzyIthio-3'(2'Chhrophertyl)'l'(2-dimelhyU 
amiru>ethyl)'3,4-dthydropyrimido[4,5'd)p^ 




Sulfide 8.1 in 5 mL tetrahydrofiiranwas combined with N>N-dimeth)d- 
etfaanolamine (039 mL, 3.92 inmol)> triphen>lphosphine (1.04 g, 3.92 mmol), and 
DEAD (0.62 mL, 3.92 mmoI)» and stirred at room temperature for 1 hour. The 
mixture was semipurified by chromatography on silica gd willx 1-3% 
methanol/dichlorometihane as duant, to provide >1 g mixture of 7-benzylthio-3-(2- 
cUorophen]d)-l-(2-dimelh^amino-ethyl)-3,4-dihydropyriniido[4^-d]pyr^ 
2(lH)-one and residual triphenylphosphine oxide. 
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39.2 Preparation of7'benzybulfonyl-3-(2'Chlorophenyl)'l'(2' 
dimelhyhmino-elhyl)-3,4-dihydropyrimido[4^^^ 




Oxidation of the sulfide was accomplished using 3-chloroperoxyben2oic 
acid (1.35 g, 7.84 mmol) in dichloromethane with stirring at room temperature for 
I hour. The reaction was quenched with saturated sodium sulfite (aqueous> 1 mL) 
and extracted with dichloromethane. The organic extracts were washed with 
saturated aqueous sodiiun bicarbonate, dried with magnesium sul&te, and 
concentrated in vacuo to provide 7-benzjdsulfonyl-3-(2-chlorophen)d)-l-(2- 
dimethylaminoeth^)-3,4-dihydro-pyrimido- [4,5-d]pyrimidin-2(lH)-one, which 
was used without purification. 

39.3 Preparation of3-(2'Chhrophenyiyi '(2-dimethylaminoethyl)'7-(tranS' 
4'hydroxycychhexylarnino)'3,4'dihydropYrimido[^^^ 




The crude 7-ben2ylsulfonyl-3-(2-cUorophenyl)-l-(2-dimeth)4aniinoeth)i)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one was taken up in 2 mL digiyme 
with frans-4-aminocydohexanol (331 mg, 2.87 mmol) and stirred at 120®C for 4 
hours. The mixture was purified by chromatography on silica gd using 10-30% 
methanol/ dichloromethane as duant to provide the title compound (180 mg> 0.405 
mmol). The purified product was taken up in eth^ acetate and treated with 
1 equivalent HCl/Et20 to predpitate the hydrochloride salt of 3-(2-chlorophen)d)- 
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l-(2-dimethylaininoeth)d)-7-(trflm-4-hydxoxyqrdohexyd 
pyrimido[4,5-d]pyriniidin-2(lH)-one. 

Example 40 
Q>mpound 3-22 

This example illustrates the preparation of (S)-3-(2-chlorophenyI)-7-(2- 
hydroxy-l-meth^-ethylamino)-l-(piperidin-4-yi)-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 

40. 1 Preparation of 7'benzylthiO'3'(2'Chhropheriyl)-l'(piperidin'4-yl^^^^ 
dihydropyrimido[4,5-d]pyrirnidin'2(lH)'One, 




To a suspension of sulfide 8.1 (850 mg, 2.22 mmol) in tetrahydrofuian 
(10 mL) was added tat-but^-4-hydroxy-l-pq>eridine carboxyiate (411 mg, 2J2 
mmol) and di{)hen)i-2-pyridyiphosphine (878 mg> 33 nmiol). After 5 minutes di- 
lert-but^-azodicaiboxylate (768 mg, 3.33 mmol) was added and die reaction was 
stirred at room temperature over the wedcend. The reaction was placed directly on 
a flash silica column using 3:1-2:1 hexane eth^ acetate and 1:1 hexanc/etfiyd acetate 
as eluants to give 930 mg of 7-benz^thio-3-(2-chlorophen^)-l-(piperidin-4-yl)- 
3,4-dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 
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40,2 Preparation of 7-hemylsulfmyU3'(2-dhkfrop 
3,4-dihydropyrimido[4^5-d]pyrirnidin-2(lH)-one. 




To a solution of 7-beiiz)^tiiio-3-(2-chlorophen^)-l-(piperidin-4-yi)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH (920 mg, 1.62 mmol) in 
dichloTOmethane (16 mL) cooled to O^C was added S-chloroperbenzoic add (403 
mg, 1-64 mmol). After an hour at room temperature 5 mL of 10% sodium 
thiosulphate was added. After 10 minutes, die dichloromethane layer was separated 
and washed with 10% potassium carbonate and brine, dried over magnesium 
sulfate, concentrated in vacuo to give 650 mg of 3-(2-chlorophenyi)-7- 
benzylsulfinyl- l-(piperidin-4-yI)-3,4-dihydropyrimido [4,5-d] -pyrimidin-2( IH)- 
one as a white foam. 

403 Preparation of (S)-3-(2-chhrophenyl)-7-(2'hydroxy'l-methyU 
ethyUirnino)-l'(piperidin-^yiy3y4-dihydro 




To a suspension of 7-bcnzyisulfinyl-3-(2-chlorophenyl)-l-(piperidin-4-)d)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one{650 mg, 1.136 mmol) in 
1,2-dimethoxyethane (0.5mL) was added (S)-(+)-2-amino-l-propanol (250 mg, 
3.33 mmol). The reaction was warmed to 100 under argon for 2 hours. The 
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reaction was placed directly on a flash silica column using 92:8-90:10 dicUoro- 
methane/methanol as duant to give 300 mg of the (S)-3-(2-chlorophenyl)-7-(2- 
hydroxy- l-meth^ethylamino)- l-(piperidin-4-yl)-3,4-dihydropyrimido [4,5- 
d]pyrinudin-2(lH)-one, which was redissolved in 5 mL of dichloromethane and 5 
mL trifluoroacetic acid. After 5 hours the solvents were removed in vacuo and 5 mL 
of ethyl acetate and 5 mL of 10% sodium bicarbonate were added. The organic 
layer was separated, washed with brine, dried over magnesium sulfate and 
concentrated in vacuo to give 130 mg of the tide compound as a white foam that 
was dissolved in eth^ acetate and treated with 1 equivalent of hydrochloric add in 
l.OM ether. The precipitate was collected, washed with ether and dried in vacuo to 
give 115 mg of the hydrochloride salt of (S)-3-(2-chloro-phen)d)-7-(2-hydroxy-l- 
meth)dethylamino)-l-(piperidin-4-yi)-3,4-dihydropyriniido[4,5-d]pyrimidin- 
2(lH)-one. 

Example 41 
Compound 3-21 

This example illustrates the preparation of (R)-3-(2-chlorophenyl)-7-[(2- 
hydroxy-l-methylethyl)amino]-l-(2-ethoxy-l-ethoxymeth)dethyl)-3,4- 
dihydropyrimido-[4,5-d]pyriinidin-2(lH)-one. 

41.1 Preparation ofJ-hemyl^io-S-il-^hrophenyl)- l'(2-ethoxy^l'edtoxy- 



A mixture of sulfide 8.1 (600 mg, 2.4 mmol), diphen)d-2-pyrid)dphosphine 
(619 mg, 2.4 mmol) and l,3-diethoxy-2-propanol (232 mg, 0.6 nunol) was 
dissolved in tetrahydrofuran under nitrogen. To this solution was added di-tert- 
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but^azodicarboxylate (542 mg, 2.4 mmol) in one portibn> and the resulting 
mixture was stirred at room temperature for one day. IM hydrochloric add in 
ether was added and the excess solvent was evaporated after stirring the mixture for 
1 hour. The residue was dissolved in ether and washed with aqueous hydrochloric 
add. The organic layer was dried over sodium sulfate, concentrated and the residue 
was purified by colunm chromatography on silica gel using 30% ethyl acetate in 
hexane as eluant. The column firactions containing product were combined and 
concentrated in vacuo to give 566 mg of 7-benz)dthio-3-(2-chlorophenyl)-l-(2- 
ethoxy'l-ethoxymethylethyi)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 



4L2 Preparation of7-benzyJsulfinyl-3-(2'Chlorophenyl)'l-(2'ethoxy-l' 
ethoxy'm€lhylethyiy3,4'dihydropyrim^ 




A suspension of 7-benz)dthio-3-(2-chlorophen)d)-l-(2-ethoxy-l-ethoxy- 
meth)dethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (566 mg, 1.1 
mmol) in dichloromethane (5 mL) was cooled in an ice bath and 3-chloroper- 
benzoic add was added. The reaction mixture was stirred for 1 hour, concentrated 
in vacuo, and the residue was purified by column chromatography on silica gd 
using 98:2 dichloromethane/methanol. The column firactions containing product 
were combined and concentrated in vacuo to yield 425mg of 7-benzylsulfin)d-3-(2- 
chlorophen)d)-l-(2-ethoxy-l-ethoxymeth^ethyi)0,4-dihydropyTiinido[4,5-dl- 
pyrimidin-2(lH)*one. 
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4J.3 Preparatum of(R)'3'(2'chhrophenyl)-7'[(2'hydroxy-l-methyU 
ethyl)amino]'l'(2'etho:y-l-eAoxymethykthyl)'3,4'dA^ 
pyrimuMn-2( lH)-one. 




7-Benzykiilfin)d-3-(2-cMorophen)d)-l-(2-ethoxy-l-ethoxymeth)de 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (425 mg, 0.8 inmol) in (J?)-2-amino- 
1-propanol (1 mL) was heated to 140**C for 18 hours at vAdch time it was cooled to 
room temperature and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel using 98:2 dichloromethane/methanoL The colimm 
fractions containing product were combined and concentrated in vacuo to give an 
oil, which was re-dissolved in eth)^ acetate. Addition of hydrochloric add 
(L0M/Et20, 2.0 equivalents) gave the salt which was filtered and dried to 156 mg of 
the hydrochloride salt of fll>3-(2-chlorophen^d)-7-(2-hydroxy-l-meth3dethyi- 
amino)-l-(2-ethoxy-l-ethoxy-methyleth^)-3,4-dihydropyrimido[4^-d]- 
pyrimidin-2( lH)-one. 

Example 42 
Compound 3-60 
This example illustrates the preparation of 3-(2-chlorophen]^)- 
7-(tran5-4-hydroxycydohexyiamino)-l-(2,2,2-trifluoroetfi^)-3>4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one. 
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42 1 Preparation of 7-benzylthiO'3'(2-<hlorophenyl)-l-(^^^ 
trifluoroethyl)'3,4^ihydropyrimido[^^ lH)'One 




To sulfide 8.1 (0.563 g, 1.47 mmol) in diy N,N-diniediylfbnnainide (3 mL) 
was added sodium hydride (60%» 0.1 g> 2.5 mmol) at O^C After stirring the 
mixture at room temperature for 30 minutes, 2,2,2-trifluoromethane sulfonate ( 1 
mL) was added and the mixture was stirred overnight Etfa^ acetate was added to 
the reaction nurture, and the solution was washed with brine> dried over sodium 
sul£ite, filtered, and evaporated. The resulting oil residue was trituated with 
hexanes to give 0.65 g of crude 7-benzylthio-3-(2-chlorophenyl)-l-(2,2,2- 
trifluoroethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one, which was used 
direcdy in the next step without purification. 

42.2 Preparation of7'benzyl5ulfonyU3-(2-chbrophenyl)'l'(2^,2'trifiuorO' 
ethyl)'3,4'dihydropyrirnido[4,5'd]pyrimidin'2(lHyone 



was added a solution of Oxone® (2.27 g) in water (7 mL). The mixture was then 
stirred at room temperature for one hour. Additional Oxone® (0.8 g) in 2 mL of 
water was added and the mixture was stirred for another 1 hour. The mixture was 
diluted with ethyl acetate, washed with brine, dried over sodium sul&te, filtered and 
evaporated to give 0.65 g of crude 7 benz^ulfon^-3-(2-chlorophenyl)-l-(2,2,2- 




To7-benz^thio-3-(2-chlorophenTd)-l-(2,2,2-trifluoroethyi)-3,4-dihydro- 
pyrimido[4,5*d]pyrimidin-2(lH)'-one (0.67 mg) in tetrahydrofuran (7 mL) at O^C 
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trifluoroeth^)-3,4-dihydropyrinudo[4,5-d]-pyrimidm as a white solid, 

which was used directly in the next step without purification. 

423 Preparation of3'(2-chlorophenyl)'7-( trans'4'hydroxycydohexyl- 
amirioyi'(2^^'trifluoroelhyl)'3,4-d^^ 



7-Benzylsulfon^-3*(2-chlon>phen)4)-l-(2,2,2-trifluoroethyl)-3,4-d2hydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (300 mg, 0.604 mmol), rran5-4-aniinO' 
cydohexanol (208 mg, 3 equivalents) and l-methyl-2*pyrrolidinone (03mL) were 
heated with stirring at 1 10 for 20 minutes, at which time it was cooled to room 
temperature. The residue was purified using preparative thin layer chromatography 
using efli^ acetate as duant, to give 155 mg of 3-(2-chlorophenyl)-7-(trans-4- 
hydroxycydohex]^kunino)- l-(2,2,2-trifluoroethyi)-3,4-dihydropyrimido [4,5-dl- 
pyrimidin-2(lH)-one as an ofiF-\^te powder. 

Example 43 
Compound 3-32 
This example illustrates the preparation of 3-(2-chlorophen)i)- 
7- ( trans-4-hydroxycydohex5damino)- 1 -(dimeth)4aminocarbon^methyl)-3,4- 
dihydropyrimido- [4,5-dlpyrimidin-2( lH)-one. 




OH 
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43. 1 Preparation of7'benzylthio-3-(2'chhrophenyl)'l-(etho:^carbonyl' 
methyl)'3,4'dihydropyrimido[4,5-d]pyrinttdin''2( lH)-one 




Sulfide 8.1 (2.0g, 5.22inmol) in N,N-diine&ylformaimde (10 mL) was 
combined with sodium hydride (230 mg» 5.75 mmol), and the reaction mixture was 
stirred for 20 minutes, then eth^romoacetate (1.16 mL, 10.45 mmol) was added 
After 3 hours the reaction was quenched with water and eictracted into ediyl acetate. 
The combined organic esctracts were washed with water, dried, filtered, 
concentrated in vacuo, and the residue was purified by column chromatography on 
silica gd using 30% acetone/hexane as eluanL The column firactions containing 
product were combined and concentrated in vacuo to give 1.438 g 7-benzylthio*3- 
(2-chIorophen^)-l-(ethoxycaibonyImeth^)-3,4-dihydropyrimido-[4,5-d]- 
pyrimidin-2(lH)-one. 

43.2 Preparation of7'hertzyllhiO'3-(2-dtlmopheriyl)-l-(hydroocy^ 
methyl)'3,4-dihydropyrirnido[4,5'd]pyrimidin'2(lH)'On^ 




A mbcture of 7-benzy!thio-3-(2-chlorophenyi)-l-(ethoxycarbonyimeth^)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (1.435 g, 3.36 mmol) and lithium 
hydroxide monohydrate (481 mg, 11.5 mmol) in methanol (10 mL) and water 
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(30 niL) were refluxed for 48 hours. The reaction mixture was cooled to room 
temperature and diluted with eth^ acetateAvater. The aqueous layer was adjusted 
to pH 4 and extracted with ethyl acetate. The combined organic extracts were dried, 
filtered and concentrated in vacuo to give 12 g of 7-ben2)dthio-3-(2-chlorophenyl)- 
5 l-(hydroxycarbonylmeth^)-3,4-dihydropyrimido[4,5-dl-pyrimidin-2( lH)-one. 

43.3 Preparation of 7'bertzyhhio-3'(2-dilorophenyl)'l'(dirnethyIamino- 
carbonylrnethyl)-3,4-dihydropyrimido[4^'d]pyrim 




10 To a solution of 7-ben2:jdthio-3-(2-chlorophenyl)-l-(hydroxycarbon)d- 

meth^)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (500 mg, 1.13 nmiol) 
and benzotriazol-l-yloxytris(pyrrolidino)phosphonium hexafluorophosphate) (885 
mg, 1.70 nunol) in N,N-dimethylfonnamide (ISmL) was bubbled dimethylaniine 
gas into the solution for two minutes, then stirred in a sealed tube for 2 hours. The 

15 reaction mixture was quenched with water and extracted into eA;^ acetate. The 

combined organic extracts were washed with water, dried, filtered, concentrated in 
vacuo, and the residue was purified by column chromatography on siUca gd using 
36:1 didoromethane/methanol as duanL The column firactions containing product 
were combined and concentrated in vacuo to give 490 mg of 7-benz)dthio-3-(2- 

20 chlorophen^)-l-(dimethylaminocarbonyl-metiiyi)-3,4-dihydropyriniido[4,5-d] - 
pyrimidin-2( lH)-one. 
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43.4 Preparation of7-berv^lsulJbnyU3-(2'Chhrophenyl)'l'(dime^ 
caThonylmethyl)-3t4'djhydrcp 



To a solution of 7-bcnzjdtMo-3-(2-chlorophenyi)-l-(dimeth]damino- 
carbonyl-meth^)-3»4*dihydropyriinido[4»5-d]pyr^ (490 mg> 1.13 

nunol) in dilorofonn was added 3-chloroperoxybenzoic add (780 mg> 4.52 mmol). 
The mixture was stirred for 2 hours then washed with 10% solution of sodium 
sulfite in water and sodium bicarbonate aqueous solution, dried, filtered and 
concentrated to give 550 mg of 7-benz^ulfonyi-3-(2-chlorophenyl)-l- 
(dimeth^aminocarbon^methyl)-3,4*dihydro-pyrinaido[4,5-d]pyrimidin^^ 
one. 

43.5 Preparation of3'(2'€hlorophenyI)-7'( trans^-hydroxyqrcloxylamino)' 
l'(dimethylannnocarhonylmethyiy3^4'dihydrop 



7-Benzydsulfonyi-3-(2-chlorophen)d)-l-(dimethyiaminocarbonyimethyi)- 
3>4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (550 mg, 1.1 nmiol) was 
combined with tran5-4-aminocydohexanol (253 mg, 2.2 nmiol). The mixture was 
heated to 100-105°C for 3 hours, at which time it was cooled to room temperature. 
The residue was purified by column chromatography on silica gd using 9:1 
didoromethane/methanol as duant The colunm firactions containing product 
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were combined and concentrated in vacuo to a solid that was triturated with 
methanol> filtered, dried and suspended in etfa^ acetate. Addition of hydrochloric 
acid (l.OM/EtiO, 2.0 equivalents) gave the salt which was filtered and dried to give 
90 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(frflm-4-hydroxycydoxyl- 
aniino)-l-(dimeth)daminocarbonylmeth^)-3,4-dihydropyrimdo-[^^ 
pyriniidin-2( lH)-one. 

Example 44 
Compound 4-1 

This example iDustrates the preparation of 3-(2-chlorophenyl)-7-(2- 
hydroxy-l-hydroxymethyi-l-methyiethylamino)-3,4-dihydropyriinido[4,5-d]- 
pyrimidin-2( lH)-one. 




Sulfone9.1 (0.500 g, 1.21 mmol) was combined with 2-ainino-2-methyl-l, 3- 
propanediol (0.253 g, 2.41 mmol). The mixture was heated to 120-130 ''C for 2 
hours at which time it was cooled to room temperature. The residue was triturated 
in didoromethane/methanol. The slurry was filtered to give die firee amine of the 
title compound, v^ch was then slurried in methanol. Addition of hydrochloric 
add (1.0 M/Et20, 1.0 equivalent) gave the salt wtddi dissolved in methanol. The 
solution was filtered and the filtrate concentrated in vacuo to yidd a hygroscopic 
solid which was triturated in ether, filtered and dried to give 0.195 g of 3-(2- 
chlorophenyl)-7-{2-hydroxy-l-hydroxymethyi-l-methylethylamino)-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2( lH)-one. 
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Example 45 
Compound 4-6 

This example illustrates the preparation of 3-(2-chIorophen)4)-7-((J?Ji)- 
2-hydrox^-l-hydroxymeth;^propylanuno)-3,4-dihydropyri^ 
2(lH)-one. 




Sulfone 9.1 (776 1.9 mmol) was combined with (l^Jt)-3-amino-l, 2- 
butanediol (238 mg, 2.3 mmol) and 2-methoxyethyl ether (5 mL). The mixture was 
heated to 120^C for 3 hours, at which time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by column chromatography on 
silica gel using 97:3 didiloromethane/methanol as duanL The column fractions 
containing product were combined and concentrated in vacuo to give an oil, which 
was re-dissolved in eth^ acetate. Addition of hydrochloric acid (L0M/Et20, 2.0 
equivalents) gave the salt which was filtered and dried to give 159 mg of the 
hydrochloride salt of 3-(2-chlorophen>d)-7'((JRJR)-2-hydroxy-l-hydroxy- 
methyipropylamino)-3,4-dihydropyrimido[4,5-dl-pyrimidin-2(lH)-one. 

Example 46 
Compound 4-8 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(4- 
hydroxycyclohexyiamino)-3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one, 
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Sulfone 9.1 (0.500 g> 1.21 mmol) was combined with a racemic mixture of 
4-aminocydohexanoi (0.70 g, 6.0 mmol; lyophilized from 50% aqueous solution 
(ICN)) in 2 mL N-meth^pyrrolidinone. The mixture was heated to 120 X for 1.5 
hours at vdiich time it was cooled to room temperature. The residue was purified 
by column chromatography on silica gel using 1-5% methanol/dichloromethane as 
duant The column fractions containing product were combined and concentrated 
in vacuo to give the title compound as yellow granules which were redissolved in 
ethyl acetate. Addition of hydrochloric add (1.0M/Et20, 1.0 equivalent) gave the 
salt which was filtered and dried to give 0258 g of the hydrochloride salt of 3-(2- 
chlorophen)d)-7-[(4-hydroxycydohexyi-amino)-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 

Example 47 
Compound 2-10 

This example illustrates the preparation of 3-(2-chlorophen)d)-7-(tetra- 
hydropyran-4-yianiino)-3,4-dihydropyriniido[4,5-dlpyrinudin-2(lH)-one. 

HO. 




Preparation of4-aminotetrahydropyran 

Hydrox^amine hydrochloride (4.19 g, 59.9 mmol) was taken up in 13 mL 
ethanol at room temperature and the resulting slurry was washed with another 
15 mL ethanol into a solution of tetrahyropyran-4-one (5 g, 49.9 mmol) in 30 mL 
pyridine. The reaction was stirred overnight at room temperature dien evaporated 
in vacuo to a thidc pyridine-based syrup» which was poured into saturated aqueous 
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copper sul&te and extracted with ethyl acetate. The combined extracts were dried 
with sodium sul£ite> evaporated in vacuOy and duted with ethyl acetate. The filtrate 
was evaporated in vacuo to yidd tetrahydropyran-4-one oxime as a greenish solid 
(5.05 g» 0.44 nunol). 

A portion of the tetrahydropyran-4-one oxime (2.8 g, 24.3 mmol) was taken 
up in 50 mL tetrahydrofuran and chilled to OX before slowly adding lithium 
aluminium hydride (4.6 g, 122 mmol) in portions. When the addition was 
complete, the reaction was removed firom the ice bath, stirred at reflux overnight, 
and then quenched with careful addition of water and 10% aqueous sodiiun 
hydroxide. The reaction mixture was stirred at room temperature for 1 hour before 
filtering off the aluminum salts and rinsing with dichloromethane. The filtrate was 
evaporated in vacuo to yidd 4-aminotetrahydropyran as a dark brown liquid (1.74 
g, 0.17 mmol). 

Preparation of3-(2-MoTOphenyl)'7-(tetrahydropyTan'4'y]ann^ 
pyrimido'[4,5'd]pyrimidin'2(lH)'One. 

Sulfone 9.1 (0.205 g, 0.494 mmol) in 5 mL l-meth)d-2-pyrrolidinone was 
combined with 4-aniinotetrahydropyran (0.100 g, 0.988 nmiol). The reaction was 
stirred at lOOX for 24 hours and purified by column chromatography on siUca gd 
using 3-7% methanol/dichloromethane as duant. The column firactions containing 
product were combined and concentrated in vacuo to a give the title compound as a 
brown gum which was redissolved in methanol. Addition of hydrochloric add 
( L0M/Et20, 1.0 equivalent) gave 0.026 g of the hydrochloride salt 3-(2-chloro- 
phen)d)-7-(tetrahydropyran-4-ylainino)-3,4-dihydropyrimido[4,5-d]pyriniidi^ 
2(lH)-one. 

Compound 4-14 
This example illustrates the preparation of 3-(2-cblorophenyl)- 
7-[( l-hydroxymediyIcycylopentyl)amino] -3,4-dihydropyrimido[4,5--d]pyrirnidin- 
2{lH)-one. 
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Sulfone 9.1 (500 mg, 1.2 mmol) was combined with 1-amino-l- 
cydopentydmethanol (550 mg, 4.8 mmol) and 1 mL l-methyi-2-pyrrolidinone. The 
mixture was heated to 120°C for 3 hours, at ^fAddl time it was cooled to room 
temperature. 3 mL Methanol was added and the suspension was stirred for 10 
minutes, filtered, and the residue was washed with metibanol, dried and suspended 
in etfa^ acetate. Addition of hydrochloric add (1.0M/Et20, 2.0 equivalents) gave 
the salt which was filtered and dried to give 260 mg of hydrochloride salt of 3-(2- 
chlorophen^)-7-[(l-hydroxymeth)dcyc^opent^)amino]-3,4-dihydropyrirnido 
[4,5-d]pyrimidin-2(lH)-one. 

Example 49 
Compound 4-16 
This example illustrates the preparation of 3-(2-chlorophenyl)- 
7-[{l-hydroxymediylcydohex^)ainino]-3,4-dihydropyrimidol4,5-d]pyTinii^ 
2(lH)-one. 




Sulfone 9.1 (500 mg, 1.2 mmol) was combined with 1-amino-l- 
cydohexanemethanol (623 mg, 4.8 mmol) (prepared as described in /. Med. Chem.y 
1966, 9(6), 911-920) and l-methyl-2-pyrrolidinone (1 mL). The mixture was 
heated to 120X for 3 hours at which time it was cooled to room temperature. 
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Methanol (3 mL) was added, the suspension was stirred for 10 minutes, filtered. 
The precipitate was washed thoroughly with methanol, dried and suspended in 
ethyl acetate. Addition of hydrochloric add (L0M/Et20, 2.0 equivalents) gave the 
salt which was filtered and dried to give 328 mg of the hydrochloride salt of 3-(2- 
5 chlorophen)d)-7- [ ( l-hydroxymeth^cydohex^)aminoJ -3,4-dihydropyrimido- 
[4,5-d] -pyrimidin-2( lH)-one. 

Example 50 
Compoimd2-25 

10 This example illustrates the preparation of 3-(2-chlorophen)d)-7-[(l- 

methylpiperidin-4-yi)meth:^anunol-3,4-dihydropyritnido(4,5-d]pyrimidm 
one. 




Sulfone 9.1 (0.512 g, 1.2 mmol) was combined with l-methyi-4- 
15 {meth^amino)piperidine (2 mL) (Aldrich Chemicals) in 0.3 mL of l-meth^-2- 

pyrrolidinone. The mixture was heated at 100 for 3 hours, at which time it was 
cooled to room temperature, diluted with eth^ acetate and washed with brine. The 
organic phase was dried over sodium sul&te, filtered and evaporated. The crude 
product was purified by column chromatography on silica gd using 2%-10% 
20 methanol in dichloromethane as duant, and finally 1% trieth)damine/10% 
methanol in dichloromethane. The soUds obtained were suspended in 5 mL 
methanol, bubbled with hydrogen chloride for 30 seconds, and the solvents were 
evaporated. The solids were then stirred in ethyl acetate and filtered to give 190 mg 
of the dichloride salt of 3 {2-chlorophenyl)-7-[(l-meth)dpiperidin-4-yl)- 
25 meth^amino] -3,4-dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 
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Example 51 
Compound 4-18 



This example illustrates die preparation of 3-(2-chlorophen)d)-7-(as-4- 
hydrox^C7doher^amino)-3,4-dihydropyrimido[4,5-d]pyrimic^ 



SulfiDue 9.1 (0.81 g» 1.95 mmol) was combined ivith d5-4-amino-cyclohaanol 
(0.45 g, 3.9 mmol) (prepared as described in Aust. J. Chem.,1961M, 610) in 2.0 mL 
of 1 medi^-2-pyirolidinone. The reaction mixture was stirred at 120 ®C for 
24 hours, at which time the reaction mixture was cooled to room temperature and 
filtered. The filtrate was suspended in anhydrous methanol, collected and dried 
precipitate to give 0.400 g of the title compound as a ^fAnU solid (m-p. 263.7-264.6 ® 
C). White solid was dissohred in a 10:1 chloroform/medianol and IM hydrochloric 
add in ether was added. The reaction mixture stirred for 1 hour, concentrated and 
dried in vacuo^ and the residue crystallized firom methanol/ether to give 0.285 g of 
tiie hydrochloride salt of 3-(2-chloro-phenyi)-7-(cis-4-hydroxycydohex^amino)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white solid. 

Compound 2-26 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(l- 
carbamoylmethylpiperidin-4-yl)amino]-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 




OH 
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Sulfone 9.1 (1.0 g, 2.41 mmol) was taken up in 5 mL ethyi 4-amino-l- 
piperidinecaiboxylate (29 mmol) and stirred at 150**C. After 1 hour, the reaction 
slurry was cooled to room temperature, poured into 50 mL methanol, and filtered 
to collect a \^te solid. The solid was washed with an additional 50 mL methanol 
and dried in vacuo to yield 0.569 g of 3-(2-chlorophenyl)-7-(l-ethoxycarbonyl- 
piperidin-4-ylanuno)-3,4-dihydro-pyrimido[4^-d]pyriniidin-2(lH)-one. 

3-(2-Chlorophenyl)-7-(l-ethoxycarbon^piperidin-4-ylanuno)-3,4- 
dihydropyrimido[4,5-d]pyriniidin-2(lH)-onc was taken up in 2 mL 
dichloromethane with iodotrimeth^ilane (0.94 mL, 6.60 mmol) and heated to 
60^C for 2 hours» quenched with methanol and evaporated in vacuo. The dry 
residue was taken up again in minimum methanol^ treated with sodium methoxide 
(0.5 equivalent, commercial solution of 0.5M methanol), and re-evaporated. The 
dry residue was purified by flash chromatography using 5,10% (1:9 ammonium 
hydroxide/methanol)/dichloromethane as duant The colunm firactions containing 
product were combined and concentrated in vacuo to yield 0.280 g (7.80 nunol) of 
the deaved piperidine intermediate, 3-(2-dilorophenyi)-7-(piperidin-4-)damino)- 
3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one. 
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3-(2-CUorophenyl)-7-(piperidin-4-^amino)-3,4-dihydropyrimid^ 
pyrimidin-2(lH)-one (0.050 g, 0.139 mmol) was taken up in 1 mL N,N- 
dimethylfonnainide with bromoacetamide (0.029 g, 0.209 nimol) and stirred at 
room temperature for 2.5 hours, then raised to 40 for one hour and 80 
5 overnight. The reaction was purified by flash chromatography using 5-40% 

methanol/dichloromethane + 1% ammonium hydroxide as eluant The column 
fractions containing product were combined and concentrated in vacuOy and the 
final product redissolved in a minimum volume of methanol Addition of 
hydrochloric add (l.GM/EtaO, 1.0 equivalent) gave the salt which was filtered and 
10 dried to give 0.007 g of the hydrochloride salt of 3-(2-chlorophen)d)-7- [( 1- 
carbamoyhnethyl-piperidin-4-yl)aminoJ-3,4-dihydropyrimido[4,5-dlpyrimi 
2(lH)-one. 



Example 53 

15 Compound 2-27 

This example illustrates the preparation of 3-(2-chlorophen^)-7-[l- 
(2>2>2-trifloroethyl)piperidin-4-ylaniino)-3,4-dihydropyrimido[4,5-d]pyrinudin- 
2(lH)-one. 



1^ 



9 



y2 y2 \ 



f N ISI O ^N-^N-^N-^O 
H I 




20 



wo 01/29042 



PCT/EPOO/10088 



100 



Preparation ofl-(2,2^-trifkioroethyl)piperidin-4'ylaTnine 

Piperidin-4-yl-carbaiiiic add tert-hutyl ester (commercially available from 
ASTATECH) (5 g, 24.96 mmol), 2A2,-trifluoroethyl trichloromethane sulfonate 
5 (7.03 g, 1 equivalent), and potassium carbonate (4.1 g, 1.2 eq) were taken up in 
acetone (80 mL) and heated at reflux with stirring for 17 hours. The solvent was 
removed imder reduced pressure at 40X and ethyl acetate and water were added to 
the residue. The layers were partitioned and then separated The organic layer was 
washed with water and brine, dried over magnesium sulfsite, filtered, and 
10 concentrated to give a dark colored soUd. Purification by chromatography on siUca 
gd using 15% ethyl acetate in hexanes as the duant gave [l-(2,2,2-trifluoroethyl)- 
piperidin-4-yl]-carbamic add tert-butyl ester (4.45g) as an oflf-white powder, m.p. 
99.2-99.8^0, (M+H)+=283. 

15 [l-(2,2,2-Trifluoroethyl)piperidin-4-^]-carbamic add tert-hutyi ester was 

then taken up in dioxane (80 mL) and hydrogen chloride gas was bubbled through 
the solution for 10 minutes. The reaction vessd was capped tightly and stirred for 
1.5 hours. The solvent was removed under reduced pressure at 40**C. The residue 
was taken up in 42 mL of 0.5M sodium methoxide in methanol, stirred at room 

20 temperature for 3 hours, and filtered. The filtrate was concentrated, taken up in 
eth>i acetate, filtered, and concentrated to give 1.0 g of l-(2,2,2-trifluoroethyl)- 
piperidin-4-yiamine as a dark colored oil, (M+H)+=183. 

Preparation of 3'(2'dtlarophenyl)-7'[l-(2,2y2-trifluoroe1^ 

25 amino ]-3,4-dihydropyrimido[4,5'd]pyrirnidin'2(lH)-one 

Sulfbne 9,1 (200 mg, 0.482 mmol), l-(2,2,2-trifluoroethyl)piperidin-4- 
)danaine (263 mg, 3 equivalents) was combined with l-methyl-2-pyrolidinone(0.3 
mL), and the reaction mixture was heated with stirring at 1 10**C for 2 hours, at 
which time it was cooled to room temperature. Purification by preparative thin 

30 layer chromatography using 60%eth^ acetate in hexanes as duant gave 12 mg of 3- 
(2-cMorophen)d)-7-(l-(2,2,2-trifluoroethyi)piperidin)d-4-ylaniino]--3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as an off-white powder. 
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Eaample54 
Compound 4-17 
This example illustrates the preparation of 3-(2-chlorophen^)- 
7-[(4-hydroxycydohe3c^eth^)amino]-3,4-dihydropyTimi^ 
2(lH)-one. 




Sulfone 9.1 (400 mg. 0.96 mmol) was combined with 4-aminometh^- 
cydohexanol (470 mg> 3.6 mmol) and 0.4 mL of l-meth^-2-pyrrolidinone. The 
mixture was heated to 120^C for 3 hours, at \^ch time it was cooled to room 
temperature. Methanol (3 mL) was added, the suspension was stirred for 10 
minutes, filtered, and the precipitate was washed with methanol, dried and 
suspended in ethyl acetate. Addition of hydrochloric add (1.0M/Et2O» 2.0 
equivalents) gave the salt which was fQtered and dried to give 198 mg of the 
hydrochloride salt of 3-(2-chlorophen)4)-7-[(4~-hydroxy-cyc^ohex^edi]4)- 
amino]-3,4-dihydropyTimido[4,5-d]pyriinidin-2(lH)-one. 



^gnpleSS 
Compound 2-21 

This example illustrates the prq>aration of 3-(2-chlorophenyl)-7-[l-(2,2,2- 
trifluoroeth^)piperidin-4-ylamino]-3,4-dihydropyriimdo[4,5-dlpyrimidin-2( 



one. 
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IOC BOC 




Preparation of 4'aminomethyUN'(2^,2-trifiuoroethyl)piperidm^ 

A mixture of (4-ben2)dox5rcarbon)daminomethyi) piperidine (4 g, 
16.1 minol)> 2>2>2-trifluoroethyl trichloromedianesulfonate (5.58 g» 20 mmol), and 
potassium carbonate (2.67 g, 19 mmol) in 40 mL of acetone was refluxed for 17 
hours. The mixture was evaporated and treated vdtheth^d acetate and brine. The 
organic phase was sq>arated, washed with brine, dried over sodium suifitte, filtered, 
and evaporated. The crude solids were purified by column chromatography on 
silica gd using 10%-20% ethyl acetate in hexanes as duant to ghre 2.25 g of 4- 
benzyloxyaminomethyi-l-(2,2,2-trifluorocthyi)-piperidine, m.p. 93.8 - 95.1 **C. 

4-Benzyloxyaminomedi^-l-(2,2,2-trifluoroethyi)piperidine was dissolved in 
ethanol (50 mL) and hydrogenated over 10% palladium on carbon (0.5 g) for 10 
hours. The mixture was filtered throi^ a pad of celite and washed widi methanol 
The filtrate was evaporated to give 1.17 g of 4-aminomethyi-l-(2,2,2-trifluoro- 
ethyl)piperidine as a semi-solid. 
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Preparation of 3'(2'ChlaropheTtyl)-7'[l-(2,2,2-trifkmoeA 
3,4'dihydropyrimido[4,5'd]pyrimidin'2(lH)-one. 

Sulfone 9.1 (0.389 g, 1 mmol) was combined with 4-aniinomethyi-l-(2,2^- 
trifluoroethyl)piperidine (0.50 g, 2.5 mmol) in 0.4 mL of l-methyl-2-pyrrolidinone, 
and was heated at 100 °C for 4 hours. The mixture was then cooled to room 
temperature^ and treated with methanol, eth)d acetate> and ether. The solids formed 
were filtered and washed with eth)i acetate. The resulting soUds (0.22 g) were 
dissolved in 5 mL methanol, and hydrogen chloride was bubbled through the 
solution for one minute. The solvents were removed, and the residue was titurated 
with 2 mL of methanol and 40 mL of ether to give 210 mg of the dihydrochloride 
salt of 3-(2-chlorophenyi)-7-[l-(2,2>2-trifluoroethyi)piperidin-4-)daniino]-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

Example 56 
Compound 2-22 
This example illustrates the preparation of 3-(2-chlorophenyl)- 
7- [( l-cyanometh^piperidin-4-ylmeth^)amino] -3,4-dihydropyrimido- 
[4,5-d]pyrimidm-2( lH)-one. 



Sulfone 9.1 (2.24 g, 5.4 mmol) was combined with N-terr-butoxycaibon^d-4- 
aminomethylpiperidine (5.6 g, 16.2 mmol) and l-meth^-2-pyrTolidinone (9 mL). 
The mixture was heated to 100-110 for 2 hours at yAndk time it was cooled to 
room temperature and etfayi acetate was added. The resultant white solid was 
filtered and washed with e&iyl acetate to give 2.3 g of 3-(2-chlorophenyi)-7-[(l-tert- 
butoxycarbony-piperidin-4-ylmeth^)amino] -3,4-dihydropyrimido [4,5-dl - 
pyrimidin-2(lH)-one (MH^ = 473). Hydrogm chloride gas was bubbled into 2.1 g 
of the protected amine which was suspended in l»4-dioxane (22 mL), and the 



Sulfone 9.1 
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suspension stirred for 1 hour, concentrated in vacuo and dried to give ibe 
intermediate 3-(2-cUorophen)d)-7-[(piperidin-4-;)dmethyl)ammo]0,4- 
dihydropyrimido[4»5-d]pyrimidm-2(lH)-one as a ivfaite solid. 

3-(2-Chlorophen^)-7-[(piperidin-4-yimethyl)amino]-3,4-dihydro-- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (0.23 g, 0.52 mmol) was dissolved in 
N,N-dimethylformainide (8 mL). Anhydrous sodium carbonate (0.175 g, 1.6 
nunol) and chloroacetonitrile (0.036 mL> 0.57 mmol) were added. The mixture was 
stirred for 17 hours at room temperature, and was partitioned into eth^d acetate and 
water. The layers were separated and the aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with water, dried, and concentrated in vacuOy 
and the residue was purified by chromatography on silica gd using 10% 
methanoiydichlorometfaane as duant The fractions containing product were 
concentrated in vacuo and dissolved in 40 mL of 1,4-dioxane. Hydrogen chloride 
gas was bubbled in and the mixture was concentrated in vacuo. The resultant 
residue was triturated in ether, filtered and dried to give 0.107 g of the 
hydrodiloride salt of 3-(2-dilorophenyl)-7-[(l-cyanomethylpiperidin-4- 
ylmethyl)aniinol"3,4-dihydropyrinudo[4,5-dlpyiimidin-2(lH)-one. 

Compound 2-19 

This example illustrates Ae preparation of 3-(2-ciilorophenyl)-7-[(l- 
dimetfa^aminocarbon^methylpiperidin-4-^methyl)arnino} -3,4-dihydiopyrimido- 
[4>5-d]-pyrimidin-2(lH)-one. 



SuKone 9.1 




3-(2-Chlorophenyl)-7- [(piperidin-4-ytaieth^)amino] -3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (prepared as described in Example 56) (0.3 g, 
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0.67 mmol) was dissolved in N,N-dimetfaylformamide (7 mL). Anhydrous sodium 
carbonate (0.26 g, 2.4 mmol) and 2-chIoro*N»N-dimethylacetamide (0.098 g> 0.81 
mmol) were added. The mixture was stirred for 17 hours at room temperature. 
The reaction mixture was partitioned into ethyl acetate and water. The layers were 
separated and the aqueous layer was extracted with ethyl acetate, and 10% 
isopropanol/ chloroform. The organic layers were washed with saturated sodium 
chloride solution and then dried over anhydrous sodium sul£fite. After evaporation 
in vacuOy the white solid was dissolved in 50% methanol/l>2-dichloroethane. 
Hydrogen chloride gas was bubbled in, and the solution was evaporated in vacuo. 
The resulting residue was triturated in ether, filtered and dried to give 0.182 g of the 
hydrochloride salt of 3-(2-chlorophen^)-7-[(l-dimeth)d-aminocarbon)dmeth)d- 
piperidin-4-ylmeth^)aniino]-3,4-dihydropyiiinido[4,5-d]pyrimi<^ 

Compound 2-23 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(l- 
aminocarbonylmeth^piperidin>4-ylmethyi)amino] -3,4-dihydro-pyrimido [4,5-d] - 
pyrimidin-2( lH)-one. 



Sulf one 9.1 




3-(2-Chlorophen^)-7- [ (piperidin-4-ylmeth^)amino] -3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2(lH)-one (prq>ared as described in Example 56) (0.3 g> 
0.67 mmol) was dissolved in N,N-dimethylformamide (7 mL). Anhydrous sodium 
carbonate (0.26 g, 2.4 nmiol) and 2-bromoacetamide (0.111 g, 0.81 mmol) were 
added. The mixture was stirred for 17 hours at room temperature. The reaction 
mixture was partitioned into ethyl acetate and water. The layers were sq>arated and 
the aqueous layer was extracted wi^ ethyl acetate and 10% isopropanol/chloro- 
form. The combined organic layers were washed with saturated sodium chloride 
solution and then dried over anhydrous sodium sul&te. After evaporation in vacuoj 
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the \yfaite solid was suspended in l>4-dioxane. Hydrogen chloride gas was bubbled 
in, and the solution was evaporated in vacuo. The resulting residue was triturated in 
ether, filtered and dried to give 0.185 g of the hydrochloride salt of 3-(2- 
cUorophenyi)-7-[(l-aminocarbonyimeth^piperidin-4-yimethyl)amino]-3,4- 
dihydropyrunido[4,5-d]pyrimidin-2( lH)-one. 

Eaample 59 
Compound 2-24 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-[(l- 
hydroxycarbonylmethyipiperidin-4-yimethyi)amino] -3,4-dihydropyrimido [4,5-d] - 
pyrimidin-2( lH)-one. 



Sulfone9.1 




3-(2-Chloropheayl)-7- [ (piperidin-4->lmeth^)amino] -3,4-dihydropyrimido- 
[4»5-d]pyrinudin-2(lH)-one (prepared as described in Example 56) (0.3 g, 
0.67 mol) was dissolved in N J4-dimethylformamide (7 mL). Anhydrous sodium 
carbonate (0.26 g, 2.4 mmol) and tert-butjd 2-bromoacetate (0.12 mL, 0.81 mmol) 
wereadded. The mixture was stirred for 17 hours at room temperature. The 
reaction mixture was partitioned into ethyl acetate and water. The layers were 
separated and the aqueous layer was extracted with eAxyl acetate and 10% 
isopropanol/chloroform. The combined organic layers were washed with saturated 
sodium chloride solution and then dried over anhydrous sodium sul&te. After 
evaporation in vacuoy die combined white soUds were suspended in 1,4-dioxane. 
Hydrogen chloride gas was bubbled in, and the solution was stirred for 10 hours at 
room temperature and evaporated in vacuo. The resulting residue was triturated in 
ether, filtered and dried to give 0.195 g of the hydrochloride salt of 3-(2- 
chlorophen)d)-7- [ ( 1 -hydroxycarbonyl-methylpiperidin-4-ylmeth^)aminol -3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 
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Rumple 60 
Confound 3-29 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-(tran5-4- 
hydroxycydohexylaimno)-l-(2-mediyltMoethyi)-34^ 
d]pyrimidiii-2( lH)-one. 



Suifone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with 
l-(2-meth^fliio)ethanol (0.16 mL, 1.81 mmol), triphen^phosphine (474 mg, 
1.81 nmiol), and DEAD (0.28 mL, 1.81 mmol), and stirred at room temperature for 
2 days. The crude product, 3-(2-chlorophenyl)-7-benzjdsulfonyi-l-(2-methyl- 
thioeth^)-3,4-dihydropyriinido[4,5-d]pyrimidin-2(lH)-one, was evaporated in 
vacuo and used without further purification. 

The crude 3-(2-chlorophen)d)-7-benzyisuIfon)d-l-(2-methyithioethyi)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one was taken up in 2 mL diglyme with 
^an5-4-aminocydohexanol (139 mg, 1^1 mmol) and stirred at 120°C for 4 hours. 
The mixture was purified by chromatography on silica gd using 2.5-4.5% 
methanol/dichloromethane as duant to provide the title compound (226 mg, 
0.511 nrniol). The purified product was taken up in ethyl acetate and treated with 
1 equivalent HQfEtjO to predpitate the hydrochloride salt of 3-(2-chlorophen)d)- 
7-(frans-4-hydroxycydohexyiamino)-l-(2-methyithioethyl)-3,4- 
dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 



Suifone 9.1 
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Example 61 
Compound 3-31 

This example illustrates the preparation of 3-(2-chlorophea^)-7-(tran5- 
4-hydrox7qrdohexylamino)- l-(3-dimethylamino-2,2-dimethylprop^)-3,4- 
dihydropyrimido- [4,5-d]pyrimidin-2( lH)-one. 

Cl> 




Sulfone9.1 ^ O^'^-^m-'^-n^o ^ N^N'^N'*^© 



I OH 



Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with 
3.dimethylainino-2^-dimeth)d-l-propanol (0.28 mL, L81 mmol), triphenyl- 
phosphine (474 mg, 1.81 mmol), and DEAD (0.28 mL, 1.81 mmol), and stirred at 
room temperature overnight The mixture was semipurified by chromatography on 
silica gd with 3-15% methanol/dichloromethane as duant, to provide >1 g mixture 
of3-(2-cUorophen)d)-7-benzyisulfonyl-l-(3-dimethyiamino-2,2-dimethyipropyl) 
3,4-dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one and residual triphenyl- 
phosphine oxide. 

3-(2-CUorophenyl)-7-benzylsulfonyl-l-(3-dimethylamino-2>2-dimethyl- 
prop)d)-3>4-dihydropyrimidol4,5-d]pyrimidin-2(lH)-one was taken up in 3 mL 
diglyme with trfln5-4-aminocydohexanol (139 mg, 1.21 nunol) and stirred at 120°C 
for 4 hours. The mixture was purified by chromatography on siHca gd using 4-25% 
methanol/dichloro-methane as duant to provide the title compound (52 mg, 
0.107 mmol). The purified product was taken up in ethyi acetate and treated with 
1 equivalent HCI/Et20 to predpitate the hydrochloride salt of 3-(2-chlorophenyl)- 
7-(tram-4-hydroxycydohexyd-ainino)-l-(3-dimeth^amino-2,2-dimethylprop)d)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. 
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Compound 3*36 

Tlris example iUustrates the preparation of 3-(2-chlorophenyl)-7-(tram- 
4-hydroxycy^dohe3cylaniino)-l-(l-meth^piperidin-4-^)-3,4^ 
5 d]-pyrimidin-2(lH)-one. 



Sulfone9.1 ^ O-'X^M^M^n ^ N^N^^N^O 

N N O = I 

0 0 0 




CH3 



OH CH3 



A mixture of sulfone 9.1 (1.0 g, 2.4 mmol), diphenyl-2-pyrid:^phosphme 
10 (1.9 g, 7.23 mmol) and 4-hydroxy-l-mefliylpiperidine (0.555 g, 4.8 mmol) was 

dissolved in anhydrous tetrahydrofuran under an atmosphere of nitrogen. To this 
solution was added di-tot-butylazodicarbox^te (1.67 g, 7.23 mmol) and tiie 
resulting mixture was stirred at room temperature for 2 hours, then concentrated in 
vacuo. The residue was purified by column chromatography on silica gel using 9:1 
15 diddoromethane/methanol as duant The column fractions containing product 
were combined and concentrated in vacuo to ^ve 354mg of 7-ben2jdsulfon)d-3-(2- 
chlorophen]^)-l-(l-methyipiperidin-4-;^)-3,4-dihydro-pyrimido[4,5-d]pyrim 

2(lH)-one. 

20 7-Benzylsulfonyi-3-(2-chlorophenyl)-l-(l-meth^piperidin-4-)d)-3,4- 

dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (354 mg, 0.69 mmol) was combined 
with frans-4-aniinocydohexanol (160 mg, 1.38 mmol) and ImL l-methyi-2- 
pyrrolidinone. The mixture was heated to 110**C for 1 hour at which time it was 
cooled to room temperature. The residue was purified by column chromatography 

25 on silica gd using 9:1:0-5 dichloromethane/ methanol/diisopropylamine as duant 
The column fractions containing product were combined, concentrated in vacuo 
and suspended in ethyl acetate. Addition of hydrochloric add (1.0M/Et20, 1.0 
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equivalents) gave the salt which was filtered and dried to give 135mg of the 
hydrochloride salt of 3-(2-chlorophen^)-7-(trans-4-hydroxycydohexyianuno)-l- 
(l-meth^pipcridin-4-yl)-3,4-dihydropyrixmdo[4,5-d]-pyrimidin-2(lH)-one. 

Example 63 
Compound 4-4 

This example illustrates the preparation of (J?JJ)-7-(23-dihydroxy-l- 
methylpropylamino)-3-oitfeo-tolyl-3,4-dihydropyriinido[4,5-dlpyTimidin-2( 
one. 




Preparation ofiRM'S-aminobutane'l^-dioL 

3'Aminobutane-l,2-diol was similarly prq>ared as described in Tetrahedron: 
Asymmetry, 1995, 6(9), 2329-2342. Briefly, to a solution of (2S3S)-trans-3- 
meth^oxirane-2-meth^-4-nitrobenzoate (10.0 g, 422 mmol) (Fluka) in 
dichloromethane ( 150 mL) under argon, was combined with titanium isopropoxide 
(25 mL> 84.3 mmol), and stirred for 10 minutes at room temperature. 
Aminodiphen^-methane (14.5 mL, 84.4 mmol) was added, and the reaction was 
stilted at room temperature overnight A solution of 10% sodium hydroxide in 
saturated brine was added and the suspension was stirred for 2 hours. The mixture 
was filtered and extracted with 02tA hydrochloric add. The addic layers were 
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extracted with dichloromethane and discarded. The addic layer was basified with 
sodium hydroxide pellets until pH 9, and then extracted into dichloromethane. The 
layers were separated, and the organic layer was dried over magnesium sid&te» and 
concentrated in vacuo to give an oil that was purified by flash column 
5 chromatography using 2:1 to 1:1 hexanes:ethyl acetate and 2:1 ethyl acetaterhexane 
as duants to give 2.6g of (Ji>i{)'3-(benzhydr^amino)butane-l,2-diol. 

To a d^assed solution of (l^li)-3-(benzhydrylamino)butane-l^-diol (2.6 
9.59 mmol) in methanol (20 mL) was added palladium hydroxide on carbon 
10 (260 mg). The reaction was evacuated and charged three times with hydrogen and 
then charged with hydrogen at 50 psi and shaken on the hydr<%enator overnight at 
room temperature The reaction mixture was filtered and concentrated to give 922 
mg of (iU{)-3-aminobutane-l,2-diol as an oil> >^ch was washed with hexane and 
then dried in vacuo. 

15 Preparation of {R^)'7'(2,3-dihydTOxy-l-methylpro 
dihydropyrimido[4,5'd}pyrimidin'2( lH)'One. 

Sulfone 9.2 (622 mg, 1.58 mmol) was combined with (J?,il)-3-amino-butane- 
1,2-diol (250 mg, 1.9 mmol) in l,2-dimethox)rethane (1 mL) was heated at lOO^C 
for 2 hours under argon. The reaction was cooled to room temperature and diluted 

20 with 9: 1 dichloromethane/methanol and placed direcdy on a flash silica column 

using 96:4 dichloromethane/methanol and 9:1 dichloromethane/methanol as eluant 
to give 120 mg of a colorless oil» which was dissolved in ethyl acetate (10 mL) and 
treated with 1 equivalent of hydroddoric add (l.OM in ether). The predpitate was 
coUected by vacuum filtration, washed with ethyl acetate and dried in vacuo to give 

25 1 18 mg of (JUl)-7-(23-dihydn)xy-l-meth^prop)damino)-3-ortho-to 
dihydropyriinid6[4,5-d]pyiimidin-2(lH)-one as a white solid. 
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Example 64 



one 




I 

H 



5 64.1 Preparation of5'(2-chUnrophenyl)amiru)methyl-4-arnino-2' 

methybhiopyrimidim 




A mixture of 4-amino-2-meth)dthiopyrimidine-5-carboxaldehyde (9.5 g, 
56.1 mmol), 2-chloroaniline (6.7 mL, 63.7 mmol) and 4-toluene-sulfonic acid 
10 monohydrate (0.85 g, 4.5 mmol) in 350 mL of xylene was heated under reflux with 

azeotropic removal of water for 6 hours. The mixture was cooled to 25^C and the 
precipitate was collected by vacuum filtration and was washed with hexanes and air 
dried This solid was then dissolved in 300 mL tetrahydrofiiran. and the reaction 

cooled to O^C. Lithium aluminiimi hydride (2.3 g, 60.6 nmiol) was added in small 
15 portions over 45 minutes. Once the addition was complete, the mixture was stirred 
for a further 15 minutes and carefully treated sequentially with 4.5 mL water, 4.5 
mL of 15% aqueous sodium hydroxide and then 20 mL of water. The mixture was 
stirred for 30 minutes, filtered through cdite, and the filtrate concentrated in vacuo. 
The solid was purified with column chromatography on silica gd using 25% 
20 acetone/hexane. The firactions containing product were concentrated under 

reduced pressure to a solid ndiich was reaystallized from ethyl to give 7.0 g of 5r(2- 
cUorophenyl)aniino-methyl-4-amino-2-meth^thiopyrinudine as a white solid. 
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642 Preparation of3'(2-chlorophenyl)'7-methyWtio-3,4'dihydropyrimi^^ 
[4^d]pyriTmdin'2( lH)-one 




Sulfide 10.1 

To a stirred solution, cooled to O^C, of 5-(2-chlorophen^) aininometh]d-4- 
5 amino-2-inethylthiopyriinidine (7.0 g, 249 xnmol) in 200 mL of tetrahydrofiiran 
was added trieth^amine ( 10 mL, 71.7 mmol). This solution was then treated 
dropwise with a solution of phosgene (14^ mL of 20% solution in toluene, 
27.2 mmol). After stirring for 2 hours, an additional 5.0 mL of trietfaylamine (35.9 
mmol) was added followed by phosgene (6.5 mL of 20% solution in toluene, 
10 12.5 mmol). After stirring for an additional 2 hours, additional trietii^amine (2 

mL, 143 mmol) was added followed by phosgene (3 mL of 20% solution in toluene; 
5.8 mmol). The reaction was stirred for one additional hour then warmed to room 
temperature, poured onto a heterogeneous solution of 75 mL water and 150 mL 
ethyl acetate. The mixture was then filtered and the phases separated- The aqueous 
15 phase was re^exlracted twice with 150 mL ethyl acetate. The combined ethyl acetate 
extracts were concentrated under reduced pressure. The residue was stirred with 
eth^ acetate. The product was then collected by vacuum filtration and dried in 
vacuo to give 3.2 g of 3-(2-chlorophenyi)-7-methylthio-3,4-dihydropyrimido[4,5- 
d]pyrimidin-2(lH)-one (sulfide 10.1)as a white soUd. 



20 
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Example 65 
An Alternative preparation of 
3-f2-cMorophen^V7-metfayitfaiD-3>4rdihydr ftpYrimiao -f4.5-d1pY^^ 
one 

65. J Preparation of ethyl 4-aminO'2-methylthiop}nrimidine'5'Carboxylate 



O O 




A solution of ethyl 4-cfaloTa'2-nieth^tliiopyrimidine-5-carbox]^te (1450 g> 
623 mole) ( Aldrich Chemical Co., Milwaukee, Wisconsin, USA) in 2987 mL of 
tetrahydrofuran was cooled to 5-10^ C and treated slo^y vnth a mixture of 
2407 mL of a 37% solution of ammonium hydroxide in 2978 mL trietfaylamine. 
After stirring for 16 hours, the reaction mixture was concentrated in vacuo to 
approximately 5L and filtered. The filter cake was washed with hexanes and dried 
in a vacuum oven at 60-65^C The filtrate was evaporated under reduced pressure 
to give 1314 g (94%) of eth^ 4-amino-2-methylthio-pyrin:udine-5*carboxylate as a 
>^te soUd. m.p. 130.1-130.r*C 

65.2 Preparation of ethyl 4^{[ (2-chhrophenyl)ammo]carbonylamino}'2- 
methybhiopyrimidine'S-carhoj^late 




To a suspension of ethyl 4-amino-2-meth^thiopyrimidine-5-carboxylate 
(121^ 5.7 moles) m 2600 mLxjdenes heated at 100-105 ""C was added (956.5g, 
6.23 moles) 2-chlorophenylisocyanate so as to maintain the temperature at -lOO^C. 
The temperature of the reaction mixture was raised to 120 ^C and stirred for 14 
hours. Heating was stopped and slow cooling to 1 10 was begun. When 
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crystallization began> slow addition of 5256 mL ethyl acetate completed the 
crystallization. The mixture was cooled to 20**C and filtered The cake was washed 
with eth^ acetate and was placed in a vacuum oven and dried for 10-12 hours at 60^ 
to 80"* C to give 1895g (90.7%)of ethyl 4-{ [(2-chlorophen)d)amino]- 
carbonyianiino}-2-methyithiopyriniidine-5-carboxylate, m.p. 172.3- 172.6 **C. 



65.3 Preparation of [ (2-chlorophmyl)amino]'N-[5-(hydro:qmiethyl)-2- 
methybhio-pyrimidin-^yljcarboxamide 
O 




To a stirred suspension of eth^ 4-{[(2-chlorophen^)aminolcaibon^aniino}- 
2-meth^tfaiopyxinaidine-5-carfoox)date (1,000 g, 2.73 mole) in 4.7 L anhydrous 
tetrahydrofuran, at -25^C under nitrc^en, was added a 1.0 M solution of lithium 
aluminium hydride in tetrahydrofuran (2»730 mL, 3.19 mole) over a 3 hour period. 
The resulting yellow homogeneous solution was held at -25''C for an additional 
45 minutes, then allowed to warm to O^C over the next 90 minutes. HPLCanalysis 
showed absence of starting ester. The solution was then quenched into a stirred 1.0 
M RocheUe's salt solution (8.0 L) and extracted with ethyl acetate. The pooled 
extracts, containing suspended insoluble ydlow product, were concentrated and 
filtered. The yellow solid was washed with hexanes then dried in vacuo at 60*^0 to 
give 69.3% (617 g) of [(2-chlorophenyl)amino]-N-[5-(hydroxymeth]^)-2- 
medi^tfaiopyrimidin-4-yl]-carboxamide as yellow crystals; m.p. 182.5^Cto 182.9*'C. 
This run was repeated on 1,168 g substrate to give 717.8 g of the title compound. 



wo 01/29042 



PCT/EPOO/10088 



116 

65.4 Preparation of [(2'chlorophenyl)amino ]'N-[5'(bromomeihyl)'2- 
methyhhiO'pyrimidm'4-ylJcarboxaTnide 




[(2-Chlorophenyl)ainino]-N-[5-(hydroxymethyl)-2-melhyit^ 
4-)l]carboxsunide (1363 g) was mixed ivitib 8L of tetrahydrofuian and medianical 
stirring begun under nitrogen. Then phosphorus tribromide (135 mL) in 800 mL 
tetrafaydrofuran were added to the mixture over 15 minutes. Stirring was continued 
for 4 hours, at which time the reaction was stopped and filtered The filter cake was 
washed once widi tetrahydrofuran and dried overnight at 55X in vacuum oven to 
give 1360 g (71%) of [(2-chlorophen^)amino]-N-[5-(bromomethyl)-2- 
meth^tfaiopyrimidin-4-^]caiboxainide (M+1 377). 

65.5 Preparation of3'(2'chlorophenyl)'7'meAylthiO'3,4- 
dihydropyrimido[4,5'd]-pyrimidin-2(lH)''One 




Sulfide 10.1 



To a suspension of [(2-chlorophen^)amino]-N-[5-(bromomethyl)- 
2-methyithiopyrimidin-4~^lcarboxamide (1360g> 3.62 mole) of in 10 L l-meth)d-2- 
pyrrolidinone was added 136 mL hexamethyldisilazane. The mixture was heated to 
an internal temperature of 105-115 X for 1.5 hours. The mixture was then cooled 
to 30 "^C and treated with 20L water. The mixture was then stirred at 5-8 for 2 
hours and filtered. The filters were collected and washed sequentially with water 
and hexanes. The product was placed in a drying oven and heated imder vacuimi 
for 16 hours to give 780 g (70.1%) of 3-(2-chlorophen^*)-7-meth)dthio-3,4- 
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dihydropyrimido[4>5-d]pyriiiudin-2(^ (sulfide 10.1) as an ofF-white solid. 

(M+1 308) 

A related compound, 7-meth)dtWo-3-ortfto-tolyl-3,4-dihydropyxiinido- 
[4,5-d]pyriinidin-2{lH)-one (sulfide 10.2) (M+l=287) was prepared using ort/io- 
tolyi isocyanate in place of 2-cbloroplien)d isocyanate in step 65.2 above. 




Sulfide 102 



Example 66 

^r2-chlorophenylV7-methidsulfon^'3.4-dihydTopYrimidof4^ 

llliD-one 




Sulfonell.1 



A suspension of 3-(2-chlorophen)4)-7-meth^tbio-3,4-dihydropyriniido- 
[4,5-d]pyrimidin-2(lH)-one (4.1 g, 12.8 nunol) in 50 mL of chloroform was cooled 
in ice and treated with 70% 3-chloroperbenzoic add (9.8 g, 39.8 mmol). The 
mixture was stirred at room temperature for 2 hours> then treated twice with 
100 mL of 10% aqueous sodium thiosul&te and left to stir for 30 minutes. The 
reaction was diluted with 400 mL dichloromethane and the phases were separated. 
The organic phase was washed with a saturated aqueous solution of sodium 
bicarbonate and then dried over magnesium sulfate and filtered. Concentration of 
the filtrate under reduced pressure gave a solid \^ch was stirred with ethyl acetate. 
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then filtered to give 2.6 g of 3-(2-chloro-phenyi)-7-meth^ulfonyl-3,4- 
dihydropyrimido[4»5-d]pyrimidin-2(lH)-on (sulfone 11.1) as a white solid. (MH**^ 
= 364) 

Example 67 
Compound 4-19 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(4- 
hydrox)anethylcydohexylainino)-3,4-dihydropyrinudo[4,5-d]py^^ 
one. 




Sulfone 11.1 (350 mg, 1.04 mmol) was combined with 4-aminO' 
cydohexyimethanol (hlds/trans) (400 mg, 3.3 nmiol) (prepared as described in 
ChenuBer.\ GE; 96; 1963; 2377-2386) with 0.3 mL of l-methyl-2-pyrrolidinone. 
The mixture was heated at 100° for 2 hours at which time it was cooled to room 
temperature. The reaction mixture was added to water and extracted with eth)d 
acetate, washed with water, dried, and concentrated in vacuo. The residue was 
purified by column chromatography on silica gd using 10:90 methanol/dichloro- 
methane as duant. The column fractions containing the product were concentrated 
to a foam which was resuspended in methanol Addition of hydrochloric add 
(l.OM/EtiO, 1.0 equivalent) gave a salt wfaidi was filtered to give the hydrochloride 
salt of 3-(2-chlorophen]^)-7-(4-hydroxymeth^cydohex^amino)-3,4- 
dihydropyrimido[4,5*d]pyrimidin-2( lH)-one. 
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Compound 2-28 

This example illustrates the preparation of 3-(2-chlorophen)d)-7-(l- 
ethox/carbon]^piperidin-4-^amino)-3,4-dih7dropyrimido[4,5-d]pyri^ 
2(lH)-one. 




Sulfone 11.1 (1.3 g, 3.75 mmol) was taken up in ethyl 4-amino-l- 
piperidinecarboxylate (3.7 mL, 21 mmol) and heated to 120 X, at which 
temperature the initial suspension fiilly dissolved, then repredpitated into 
suspension 10 minutes later. This secondary suspension was heated at 150X for 1 
hour> then cooled to room temperature and poured into water to form a gummy 
mass. When stirred with 50 mL ether, the gum produced a small quantity of white 
solid, which was set aside. The remaining gum was treated with 10-15 mL methanol 
to form a vAdte solid. The combined white solids totalled 0.685 g (1.59 mmol), of 
which 30 mg were submitted as the free base. 



Example 69 
Compoimd 4-25 

This example illustrates the preparation of 7-(^ram-4-aminocydohexy^ 
amino)-3-(2-cMorophenyl)-3,4-dihydropy^imido[4,5-d]pyrimidin-2(lH)-one. 
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Sulfone ILl (196 mg, 0.579 mmol) and 0.36 g (3.2 mmol) of trflns-1,4- 
diaminocydohexane were dissolved in 5 mL of l-meth^-2-pyrrolidinone. The 
reaction mixture was stirred at 80 ®C for 3 hours, cooled, then 30 niL of ethyl 
acetate and 30 mL of water were added. The organic layer was separated and the 
aqueous layer was re-extracted with 30 mL of dichloromethane. The combined 
organic layers were concentrated in vacuo and the crude liquid formed a white 
precipitate upon standing. The solids were filtered and washed widi ethyl acetate to 
give 28 mg (13%) of the title compound as a v^te powder, m.p. >300 <<2. The 
product was taken up in ethyl acetate and treated with HCl/Et20 to form the 
hydrochloride salt of 7-(lrflw-4-aniinocyclohex^aniino)-3-(2-chlorophenyl)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Compound 4-26 

This example illustrates the prqiaration of 3-(2'-chlorophenyl)-7-[traii5-4- 
(N,N-dimethylsul£suno^aniido)cyclohex^ani^ 
d]pyrimidin-2(lH)-one. 




To a solution of 7-(trans-4-aminocydohex^amino)-3-(2-chlorophen^)-l- 
[2-(trimefli^ilyl)ethoxymeth)d]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH 
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(318 mg» 0.632 mmol) (prepared as described in Example 87) in 20 mL of 
dichloromethane were added triethylamine (0.10 mL, 0.72 nunol) and a solution of 
dimeth^u£unoyl chloride (0.12 g, 0.84 mmol) in 5 mL of dichloromethane. The 
reaction mixture was refluxed for 18 hours, cooled, then concentrated in vacuo. 
Purification by chromatography using 5% methanol/ dichloromethane as eluant 
gave 271 mg (70%) of 3-(2-chlorophen)d)-7-[^ra^5-4-(N,N-dimethylsulfemoyi- 
amido)cydohex)4amino] - 1- [2-(trimeth^ilyl)ethoxymethyl] -3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one as a white foam. (MH* = 610, 
m.p. 106.5-110.0 »C) 

The 3-(2-cUorophenyi)-7-[fran5-4-(NJ^-dimeth)dsulfeunoyianiido)- 
cydohexjdamino]-l-[2-(trimethyM)i)ethoxymeth)d]-3,4-dihydropyrimido[^^^ 
d]pyrimidin-2(lH)-one (250 mg, 0.410 mmol) was dissolved in 10 mL of methanol 
and treated with 10 mL of 10% aqueous hydrochloric add. The reaction mixture 
was stirred at 50 X and monitored by TLC (5% methanol/dichloromethane). The 
reaction temperature was raised to 85 for 3 hours, and the reaction mixture was 
concentrated in vacuo. The resulting suspension was filtered to give a white solid, 
which was washed with ethyl acetate to give 125 mg (59 %) of the hydrochloride salt 
of3-(2-dilorophen>d)-7-[frflm-4~(N,N-dimethyl-sulfamoyiamido)cydohexyl- 
amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Fvample 71 

Compound 4r24 
This example illustrates the preparation of 3-(2-chlorophenyi)- 
7-(l,4-dioxaspiro[4.5ldec-8-yiamino)0,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 
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Sulfone ILl (4.6 g> 13 nunol) was combined with l,4-dioxaspiro[4.5]dec-8- 
famine (4.2 g, 27 mmol) (prepared as described in Example 8) in 40 mL 1-meth]^- 

2- pyrrolidinone. The reaction mixture was heated to 100 «C overnight* at v^ch 
time it was cooled to room temperature, diluted with ethyl acetate and water, and 
filtered to give an ofiF-wfaite solid. IM hydrochloric add in dieth^ ether was added 
to a slurry of die product (0.12 g» 0.29 mmol) in methanol, and the resulting 
solution was concentrated in vacuo. The residue was taken up in methanol/ 
dichloromethane and purified by fiUish chromatography on silica gd using 2% 
medianol/dichloromethane as duant to give the pure title compound as the firee 
base. IM Hydrochloric add in diethyl ether was added to a slurry of &e product in 
methanol. The resulting solution was concentrated under a stream of nitrogen, 
then pumped under reduced pressure to give 80 mg of the hydrodiloride salt of the 

3- (2-cblorophcnyl)-7-(l,4-dioxaq>iro[4.5]dec-8-yiamino)0,4-dihydropyrimid^ 
[4,5-d]-pyrimidin-2(lH)-one as a ydlow solid. 

Example 72 
Compound 4-23 

This example illustrates the preparation of 3-(2-chlorophen)d)-7-(4-oxo- 
cydohexylamino)-3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one. 
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Too _ 

* 0 " 



A mixture of 3-(2-chlorophen^)-7-(l,4-dioxaspiro[4.5]dec--8-ylamino)-3,4- 
dihydropyrimido[4^-d]pyriinidin-2(lH)-one (0.17 g, 0.41 mmol) (prepared as 
described Example 71) in 1:1 tetrahydrofuran/3N aqueous hydrochloric add was 
stirred at room temperature overnight The reaction mixture was then diluted with 
eth)d acetate and treated with saturated aqueous sodium bicarbonate. The layers 
were separated, and the aqueous layer extracted with ethyl acetate. The organic 
layer was washed with brine, dried with sodium sul&te, and concentrated under 
reduced pressure. The residue was dissolved in medianol and purified by flash 
chromatography on silica gd using 2% anunonium hydroxide in 35% 
acetone/hexane as duant The fractions containing product were combined and 
concentrated under reduced pressure to a ^lite solid which was suspended in 
methanol Addition of IM hydrochloric acid in diethyl etfier gave the salt vdiich 
was concentrated and pumped under reduced pressure to give 80 mg of the pure 
hydrochloride salt of 3-(2-chlorophcn^)-7-(4-oxa-cydohexylamino)-3,4- 
dihydropyrimido[4,5-d]pyrin[iidin*2(lH)-one as a ydlow foam. 
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Example 73 
G>mpound4-2 

This example illustrates the alternative preparations of 3-(2-chlorophen^)- 
7-(tram-4-hydroxycydohex^aniino)-3,4-dihydropyrimido[4^^ 
2(lH)-one. 



73.1 Preparation 




O 



Sulfone 11.1 (0.400 g, 1.18 mmol) was combined with mins«4-aniino- 
cydohexanol (0.272 g, 2.36 mmol) and 2-methoxyedi^ ether (0.4 mL). The 
mixture was heated to 100-105 for 1 hour at which time it was cooled to room 
temperature and concentrated in vacuo. The residue was purified by column 
chromatography on silica gd using 9:1 dichloromethane/methanoL The coliunn 
fractions containing product were combined and concentrated in vacuo to an oil 
which was re-dissolved in ethyl acetate and methanol. Addition of hydrochloric 
add (1.0M/Et20, 1.0 equivalent) gave the salt which dissolved in the solvents. The 
solution was concentrated in vacuo to a solid which was triturated in ether, filtered 
and dried to give 0.220 g of 3-(2-chlorophenyl)-7-(trflm-4-hydroxycydohexyi- 
amino)-3,4-dihydropyrimido(4,5-d]pyrimidin-2(lH)-one. 
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73.2 AUemathe Preparation 




Sulfide 10.1 OH 



A solution of sulfide 10.1 (700 g) in l-ineth)d-2-pyrrolidinone (3000 mL) was 
combined with N-dilorosucdnimide (350 g) in 500inL l-methyl-2-pyrrolidinone 
and 40g water, and the mixture was stirred for 1.5 hours at 25 ^C. To Ais solution 
was added trans-4-aininoqrdohexanol (865g). The mixture was heated to 60 for 
12-26 hours, cooled to 20-25 and treated with 10500 mL water. This mixture 
was cooled to 5-8 and stirred for 2 hours. The solid was collected by filtration, 
washed with water, hexanes and dried at 65 X in a vacuum oven to provide 3-(2- 
chlorophen]^)-7-(trans-4-hydroxycydohexlamino)-3,4-dihydropyr^ 
d]pyriniidin-2(lH)-one. The hydrochloride salt is formed by the action of 
ethanolic hydrochloric add/water on the firee base. 



Compound 4-5 

This example illustrates an alternative preparation of 7-(trans-4-hydroxy- 
cydoheKylainino)-3-i>rAa-tolyl-3,4-^lihydropyriinic^ 




A solution of sulfide 10^ (2 g) in 4 mL l-methyl-2-pyrrolidinone was 
combined with N-cblorosucdnimide (1.03 g) in 4 mL l-meth^*2-pyrrolidinone 
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and 0. 125 g water, and the mixture was stirred for 1.5 hours at 25 ^C. To this 
solution was added tran5-4-aininocydohexanol (2.65g). The mixture was heated to 
60 ''C for 48 hours, cooled to 20-25 and treated with 10 mL water. This mixture 
was cooled to 5X and stirred for 2 hours. The solid was collected by filtration, 
washed with water, hexanes and dried in vacuo. The solid was purified by flash 
coluom chromatography usix^ 95/5 - 90/10 dichlorometfaane/metfaanol as duant 
to give 614 mg of 7-(trans-4-hydroxycyclohex^amino)-3-oitto-tol^-3,4- 
dihydropyrimido[4,5*d]pyTiinidin-2(lH)-one. The resulting solid was converted to 
the hydrochloride salt by the action of ethereal hydrochloric add/ethyl acetate on 
the free base. 

Example 75 
Compound 4-15 

This example illustrates tiie preparation of 3-(2-chlorophen^)-7-(trans- 
4-formyioxycyclohexylaimno)-3,4-dihydropyriinido[4,5-d]pyrirnidin-2(lH)-one. 



A mixture of 3-(2-chlorophen^)-7-(miw-4-hydroxycydohcx^ainino)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (300mg, 0.8 mal) (prepared as 
described in Example 73) and 96% formic add (2 mL) was stirred at 60 •'C for 3 
hours, then concentrated under reduced pressure. The residue was triturated in 
ether, filtered and dried to give 250 mg of 3-(2-chlorophenyl)-7-(trans-4- 
formyloxycydohex^ainino)-3,4-dihy<kopyrimido[4,5-d]-pyrirnidin-2{lH)-one. 



Sulfonell.l 




X) 
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Example 76 
Compound 4-13 



This example illustrates the preparation of 7-(trans-4-acetjdoxy- 
cydohexjdamino)-3-(2-chlorophenyi)-3,4-ddhycbopyrimido[4,5-d]pyrinii^ 



A suspension of 3-(2-chlorophen^)-7-((rans-4-hydroxycydohexylamino)- 
3»4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (400 mg, 1.07 mmol) (prepared 
as described in Example 73), acetic anhydride (0.3 mL, 3.2 mmol) and pyridine 
(0.34 mio 4.3 mmol) in 5 mL dicfaloromethane was stirred at 25^C for 18 hours. 
The reaction mixture was filtered and the precipitate was washed with 
dichloromethane, dried and suspended in ethyl acetate. Addition of hydrochloric 
add (1.0M/Et20, 2.0 equivalent gave the salt which was filtered and dried to give 
200 mg of the hydrodiloride salt of 7-(trans-4-acetyloxycydohexylaniino)- 

3- (2-ddorophen^)-3,4-dihydropyrimido[4,5-d]pyiimidin-2(lH)-one, 

Example 77 
Compound 4-20 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(frans- 

4- methoxycarbonyloxycydohexyiamino)-3,4-dihydropyrimido[4,5-dlpyriniidin- 
2(lH)-one. 



2(lH)-one. 



Sulfone 11.1 




O 
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CI- 



X) 



Sulfonell.1 



O 



'3 



A suspension of 3-(2KWorophenyi)-7-(tram-4-hydroxycydohexylaniino)- 
3,4-dihydropyrimido[4»5Hl]pyrimidin-2(lH)-one (200 mg, 0.5 mmol) (prepared as 
described in Example 73), and 4-dimetfa^aminopyridine (6.5 mg, 0.05 mmol) in 
tetrahydrofuran was cooled in an ice bath. Dimetfaylpyrocaibonate (0.6 mL, 
535 mmol) was added and the mixture vras stirred at 25^C for 18 houK^ The 
reaction was filtered and the precipitate was purified by colunm chromatography on 
silica gd using 98:2 dichloromethane/ methanol as duant to obtain 30 mg of die 
tide compound. Addition of hydrodiloric add (1.0M/Et20, 2.0 equivalent) gave 
the salt \^ch was filtered and dried to give 34 mg of the hydrochloride salt of 
3-(2-chlorophenyl)-7-(trans-4-methoxycarbonyioxycydohcxylamino)-3,4-dihydro- 
pyrimido[4^-d]pyrimidin-2( lH)-one. 

Example 78 
Compound 4-21 

This example illustrates the preparation of 7-(trans-4-carbamo)doxy- 
cydohexyianiino)-3-(2-cUorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 
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Sulf one 11.1 




A suspension of 3-(2-chlorophenyi)-7-(fram-4-hydroxyqrdohexylanimo)- 
3,4-dihydropyxiinido[4,5-d]pyrimidin-2(lH (285 mg, 0.77 mmol) (prepared 
as described in Example 73) in 3 mL dicfaloromediane was cooled in an ice bath, 
and chlorosulfon^-isocyanate (0.09 mL, 1.01 mmol) was added. The reactiion 
mixture was stirred at 25X for 18 hours, then treated widi 0.5 niL water. The 
biphasic mixture was stirred for 8 hours, filtered and die precipitate was purified by 
column chromatography on silica gel using 97:3 dichloromethane/methanol to 
obtain llOmg of the title compound. Addition of hydrochloric add (1.0M/£t2O, 
2.0 equivalent) gave tiie salt which was filtered and dried to give 94 mg of the 
hydrochloride salt of 7-(tran5-4-carbamoyloxyqrdohexylamino)-3-(2- 
chlorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin*2(lH)-one. 

Example 79 
Compound 4-22 

This example illustrates the preparation of 3-(2"-chlorophenyi)-7-(frans- 
4-meth)daminocarbon)doxycydohexylamino)-3,4--dihydropynmido[4,5- 
d]pyriinidin-2(lH)-one. 
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Cl> 




i H I H 

o 

A suspension of 3-(2-chlorophenyl)-7-(lrans-4-hydroxycyrdohexylaniino)- 
3,4-dihydropyrimido[43-d]pyriniidin-2(lH)-one (350 mg, 0.94 mmol) (prepared 
as described above in Eacample 73) in 3 mL dichloromediane was treated with 1 mL 
(excess) methyl isocyanate, and 1 mL trieth^amine. The mixtm'e was stirred under 
nitrogen atmosphere for one week. The reaction was filtered and the precipitate 
was washed with dichloromethane, dried and suspended in ethyl acetate. Addition 
of hydrochloric add (1.0M/Et20, 2.0 equivalent) gave the salt which was filtered 
and dried to give 250 mg of the hydrochloride salt of 3-(2-chlorophen)d)-7-(trans- 
4-methylaminocarbonyloxycydohexyi-aniino)-3,4-dihydropyriraido[4,5-d]- 
pyrimidin-2( lH)-one, 

Eacample 80 
Compound 4-3 

This example illustrates the preparation of 7-(3-carboxy-isopropylamino)- 
3-(2-chlorophen)d)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 



Sulf one 11.1 




Sulfone 11.1 (1.0 g, 2.97 nunol) was combined with ethyl 3-aminobutyrate 
(0.87 mL> 5.94 nunol). The mixture was heated to 110-115 ""C for 1 hour at which 



wo 01/29042 



PCT/EPOO/10088 



131 

time it was cooled to room temperature. The residue was purified by column 
chromatography on silica gd using 10:1 dichloromethane/methanoL The column 
fractions containing product ester, 7-(3-carbethoxy-isopropylamino)-3-(2- 
dilorophenyi)-3,4-dihydropyrimido[4,5-d]-pyriniidin-2(lH)-one were combiaed 
and concentrated in vacuo to a solid (1.10 g). The ester (0.500 g, 1.24 mmol) was 
dissolved in methanol Addition of sodium hydroxide (0.05 g, 1.24 mmol) and 
water (1 mL) gave the sodium salt The solution was concentrated in vacuo to a 
soUd which was triturated in etiiyl acetate for 1 hoiu*, filtered and dried to give 0.41 
gof 7-(3-carboxy-isopropylamino)-3-(2-chlorophenyi)-3,4-dihydropyrimido[4,5- 
d]-pyrimidin-2(lH)-one. (MH* = 376, m-p. 170.0- 1653^C) 

Example 81 
Q>mpound 3-48 

This example illustrates Ae preparation of l-benz^-3-(2-chlorophenyl)- 
7-(frflm-4-hydroxycydohex^ammo)-3,4-dihydropyrimido[4,5-dlpyrimidin- 

2(lH)-one. 



8L 1 Preparation of3-(2'Chlorophenyl)-7-(trans-4- tert-butyldimethyl' 
silyhxy-cychhexy]aniinoy3,4-dihydrop)m 




A suspension of 3-(2-cUorophcn^)-7-(triim-4-hydroxycydohexyiamino)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (1.86 g, 5 manol) (prepared as 
described in Example 73) was combined with tert-but^dimeth^sil]^ chloride 
(1.05 g, 7 mmol) and imidazole (0.75 g, 11 nmiol) in dimetfayiformamide (35 mL). 
The reaction mixture was heated at SOX fiar 24 hours> cooled to room temperature 
and added to water, stirred for 30 minutes, filtered and dried to give 1.88 g of 3-(2- 
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chlorophenyi)-7-(frflns-4-tert-but^-dimethy[sa^oxycydoh 
dihydropyriimdo[4>d)pyrixmdm-2(lH m.p.289-294^C 

8L2 Preparation ofl'benzyU3-(2'chhrophenyl)-7'(tram-4' tert-butyl- 
dime^yhifyhTcycychhexyUminoy^^ 




Sodium hydride (44 mg, 1.1 mmol (60% oil dispersion)) was added to a 
suspension of 3-(2-dilorophenyl)-7-(tram-4-tert-butyldimeth^silyioxyc^^ 
aimno)-3,4-dihydropyrimido[4,5-d]pyriinidin-2(lH)-one (486 mg, 1 mmol) in 
l-methyi-2-pyrrolidinone, and was stilted at room temperature for 25 minutes. To 
this solution was added benz^ bromide (0.12 mL 1 mmol) and stirred at room 
temperature for 4 hours. The reaction mixture was added to water and extracted 
with etfa^ acetate. Hie layers were separated, and die organic layer was washed with 
water, dried widi magne^um sul&te, concentrated in vacuo. The residue was 
purified by column chromatography using 25:75 acetone/hexane as duant to give 1- 
benz^-3-(2-cUorophen)d)-7-((raw-4-tert-butjddimethyI-silyloxycyd^ 
aniino)-3,4-dihydropyrimido[4^-d]pyrimidin-2(lH)-one as an oil 
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8L3 Preparation of l'benzyl'3'(2'Chlorophertyl)'7'(tranS'4' 
hydroxycydohexyl-miriM)'3,4-dikydropyrimido[^^ 




l-Benz^-3-(2-cUorophenyl)-7-(tran5-4-fccrt-but^dimethylsayioxy- 
cydohexylamino)-3,4-dihydropyrimido[43-d]pyriim was dissolved 

in tetrahydrofuran> and tetrabut^lammonioum fluoride (1.0 M/tetrahydrofiiran, 1.0 
equivalent) was added The reaction mixture was stirred at room temperature for 
24 hours, was added to water, extracted with eth)d acetate, dried with magnesium 
sulfete, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel in 90:10 dichloromethane/methanol as duant The 
column fractions containing the product were combined and concentrated in vacuo 
to give the title compound. The product was suspended in methanol, and 
hydrochloric add (1.0M/Et20, 1.0 equivalents) was added, stirred for 30 minutes 
and then evaporated to give a foam. The foam was stirred Mnith medianol/diethyl 
ether, filtered and dried to give 130 mg of the hydrochloride salt of l-benr]d-3-(2- 
chlorophen^)-7-(tram-4-hydroxycydohexyiamino)-3,4-dihydropyriniido- 
[4,5-d]pyrimidin-2(lH)-one. 

R)minple»2 
Con^undS-SS 

This example illustrates the preparation of 3-(2-dilorophenyl)-7-(trfliis- 
4-hydroxycydohe3c^amino)-lKyanomethyl-3,4-dihydropyiimido[4,5-d]* 
pyrimidin-2( lH)-one. 
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3-(2-ailoit>phen^)-7-{traiis-4-<m-but^dimethylsayioxyqrd^ 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH (486 mg, 1.0 mmol) (prqpared as 
described in Example 81) was suqiended in l-meth)4-2-pyrrolidinone (7 mL), and 

5 to this was added sodium hydride (44 mg» 1.1 mmol (60% oil dispersion)). The 

reaction mixture was stirred at room temperature for 25 minutes. To this solution 
was added iodoacetonitrile (0.167 mg> 1.0 mmol) and stirred at room temperature 
for 4 hours. The reaction mixture was added to water and extracted with eth)d 
acetate, washed witli water> dried over magnesium sul&te, and evaporated under 

10 reduced pressure to give an oil The oil was purified by column chromatography on 
silica gel using 25:75 acetone/hexane as duant The fractions containing the 
product were combined and evaporated under reduced pressure to give 510 mg of 
3-(2-chlorophenyI)-7-(trflns-4-rert-but^dimeth)d-silyloxycydohex)daniino)-l- 
cyanomethyl-3,4-dihydropyriniido[4,5-dlpyriinidin-2(lH)-one as a white solid. 

15 (M+H)* 527, m.p. 100.2- 148.r*C 

The3-(2-chlorophenyl)-7-(tran5-4-tCTt-butyldimethylsil^oxy- 
cydohexylainino)-l-cyanometh)d-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)- 
one (510 mg, 0.97 mmol) was dissolved in tetrahydofuran, and tetrabut^- 
20 ammoniun fluoride (l.OM in THF, 1.0 equivalent) was added. The reaction 

mixture was stirred at room temperature for 12 hours, added to water, extracted 
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with ethyl acetate, dried over magnesium sulfate^ and evaporated under reduced 
pressure to give the title compound as an oil. This residue was purified by column 
chromatography on silica gel using 90:10 dichloromethane/methanol as eluant The 
fractions containing the product were evaporated in vacuo to give 249 mg of 3-(2- 
chlorophenyi)-7-(trans-4-hydroxycydohexjd-amino)-l-cyanometh^-3,4- 
dihydropytimido[4,5-d]-pyrimidin-2(lH)'One as a foam. 

Frample ft3 
Compotmd 3-49 

This example illustrates the preparation of 3-(2-chlorophenyl}-7-(min5- 
4-hydroxycydohexylamino)-l-methoxycarbonylmethyi-3»4-dihydropyrimido[4^ 
d] -pyrimidin-2( lH)-one. 




3-(2-CUorophen^)-7-(fram-4-lert-but^dimeth^il^oxycydohexylamino)^ 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (972 mg, 2 mmol) (prepared as 
described in Escample 81) was suspended in l-methyl-2-pyrrolidinone (15 mL), and 
sodium hydride (88 mg, 2.2 mmol (60% oil dispersion)) was added. The reaction 
mixture was stirred at room temperature for 30 minutes, medi^ bromoacetate 
(0.190 mL, 2 mmol) was added. The mixture was stirred for 6 hours. The reaction 
mixture was added to water and extracted widi eth^ acetate, washed with water. 
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dried over magnesium sulfate, and evaporated under reduced pressure. The residue 
was purified by colunm chromatography on silica gd using 70:30 hexane/acetone as 
duant The fractions containing the product were combined and evaporated under 
reduced pressure to give 425 mg of 3-(2-chlorophen^)-7-(fram-4-tot- 
butyldimethyisU)4oxycydohe3cylainino)-l-methoxycarbon)dmeth)d-3,4- 
dihydropyrimido-[4,5-d]pyrimidin-2(lH)-one as a white soKd ((M+H)"*^ 560, 
m.p.l65.7-167.4^C. 

The 3-(2-cUorophenyl)-7-(tram-4-terr-but)ddimeth)dsil)doxycydohex)d- 
ainino)-l-methoxycarbon)4meth^O,4-dihydropyrimido[4,5-d]pyriinidin-2(lH)- 
one was dissolved in tetrahydrofuran and tetrabutylammoniun fluoride(1.0M, 
1 .0 equivalents) was added, and stirred at room temperature for 12 hoius. The 
reaction mixture was added to water, extracted with ethyl acetate, dried with 
magnesium sul&te, and evaporated under reduced pressure. The residue was 
purified by column chromatography on siUca gd using 90:10 dichloromethane/ 
methanol as duant The firactions containing the product were combined and 
evaporated under reduced pressure to give the title compoimd as a foam. This 
product was dissolved in methanol, and hydrochloric add (l.OM, 1.0 equivalent) 
was added, stirred for 30 minutes and evaporated under reduced pressure. The 
residue was stirred with methanol/ethyi ether, for 4 hours, filtered and dried to give 
294 mg of 3-(2-chlorophenyl)-7-(trans-4-hydroxycydohexylamino)-l- 
metiioxycarbonyi-mediyi-3,4-dihydropyTimido-[4,5-d]pyrimidin-2(lH)-onc as a 
\^te solid 

Compound 3-53 
This example iUustrates the preparation of 3-(2-chlorophenyi)- 
7-{lrflm-4-hydroxycydoha^anMno)-l-hydroxycaibonyimeth^-3,4- 
dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 
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The3-(2-dilorophenyl)-7-(rrafis-4-hydroxyqrdohe3cyl^^ 
carbonylmetfaylO>4-dihydropyrimido[43-d]-py^^ (395 mg» 0.88 

mmol) (prepared as described in Example 83) was suspended in ethanol (5 mL) and 
to this was added a solution of aqueous sodium hydroxide (0.85 mL 1.037N, 
0.88 mmol). The reaction mixture was stirred at room temperature for 72 hours, 
dien evaporated under reduced pressure to give the title compound as a foam. This 
residue was stirred in a mixture of medianol/diethyi ether for 2 hours, filtered, and 
dried to give 327 mg of 3-(2-chlorophen^)-7-(fram-4-hydroxycydohex^aniino)-l- 
hydroxycarbon^methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a 
white solid. 

G>mpound 3-56 

This example illustrates Ae preparation of 3-(2-chlorophenjd)-7-(tran5- 
4-hydroxycydohex^anuno)-l-(2-hydroxyedi)4)0,4-dihydropyrimido[4,5-dl^ 
pyrimidin-2(IH)-one. 

85. 1 Preparation ofl '(2-triisopropykUyloxyethyl)'3-(2'Chlorophenyl)' 
7'(tranS'4-tert'hutyUirriethyhUyhxycyd^ 
d]pyrimidin-2( lH)'One. 
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Sodium hydride (44 mg LI mmol (60% oil dispersion)) was added to a 
suspension of 3-(2-chlorophen^)-7-(tram-4-terf-bul^dimefliylsil^oxycy^ 
amino)-3»4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (486 mg, 1.0 mmol) 
(prepared as described in Example 81) in l-methyl^2-pyrrolidinone (7 mL), and 
stirred at room tonperature for 25 minutes. 2-(Iodoetiioxy) triisopropylsilane 
(328 mg» 1.0 mmol) was added, and die reaction mixture stirred at room 
temperature for 4 hours. The solution was added to water and «tracted with ethyl 
acetate, washed with water, dried over magnesium sul&te, and evaporated under 
reduced pressure to give the silyl proctected intermediate as an oil. The residue was 
purified by column chromatography on silica gel using 25:75 acetone/hexane as 
duant and the fractions containing the product and evaporated under reduced - 
pressure to give 604 mg of l-(2-triisopropyIsilyloxyethyl)-3-(2-chlorophen^)- 
7-(trflm-4-tert-butyldimcth^-sil)doxycydohexylamino)-3,4-dihyd^^ 
d]pyrimidin-2(lH)-one as an ofl, (M-hH)^ 688 
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85.2 Preparation of l-(2'hydroxyedtyl)'3'(2'Chlorophenyl)'7-( tram- 
4-hydToxy'Cychhexy]amiTU>y^^ 




l-(2-Triisopropyisa^oxy-efli^)-3-(2-dilorophenyl)-7-(mim 
butyldimedi^ilyloxyc7dohex^a]nino)0,4-diliy 
2(lH)-one (604 iiig> 0.88 mmol) was dissolved in tetrahydrofuian. 
Tetrabutylainmonium fluoride (l.OM in tetrahydrofuran) was added to the reaction 
mixture, and stirred at room temperature for 12 hours. The solution was added to 
water and extracted with eth^ acetate, dried over magnesium sul&te and 
evaporated under reduced pressure to give the title compound as an oil. The 
residue was purified by column chromatography on silica gel using 90:10 
dichloromethane, and the fractions containing the product were concentrated in 
vacuo to give 145 mg of l-(2-hydroxyeth)d)-3-(2-chlorophen^)-7-(rrflm- 
4-hydro3cycydohexyi-amino)-3,4-dihydropyrimido[4^-dlpyrinudin-2( lH)-one as 
a foam. 

Example 86 
Compound 3-52 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-(tram-4- 
hydroxyqrdohexydamino)-l-phenyiO,4-dihydropyrinudo[4,5-d]pyr^ 
one. 
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86. 1 Preparation of ethyl 4-phenytamim'2-rrieAylthiopyrimidim'5~ 
carboxylate 



A nuxture of edi^ 4-cUoro-2-meth)4thiopyrimidine-5- carboxylate (15 g, 
64.5 mmol) and aniline (12 mL, 132 mmol) in 200 mL of acetonitrile was stirred at 
room temperature for 24 hours. The mixture was then evaporated and eth^ acetate 
and 2M aqueous hydrochloric add were added to the residue. The phases were 
separated and the organic phase was washed with aqueous hydrochloric add, dried 
over sodium sul&te, filtered and evaporated The resulting solid was purified by 
trituation with 13 ether/hexanes to give 14.2 g (64%) of ethyl 4-phenyiamino-2- 
methyitfaio*pyrimidme-5-caiboxylate as a idiite solid, mp 88.2 - 88.7 ^C. 

86.2 Preparation of4'phenylamino-2-methylAiopyrimidine-5'meAanol 



A solution of ethyl 4-phen]iamino-2-meth^thiopyrimidine-5-carboxylate 
(14.2 g> 49 mmol) in 100 mL of tetrahydrofuran was added dropwise to lithium 
aluminium hydride (1.9 g) in 50 mL of tetrahydrofuran at O^C, at vAddi time the 
mixture was stirred at room temperature for 9 hours. The mixture was then cooled 
in ice and cautiously treated dropwise with 3.3 mL of water, 33 mL of 2M aqueous 
sodium hydroxide, 4.4 mL of water and 500 mL of ethyl acetate. The resulting 
suspension was filtered dirough a filter aid, and tiie filtrate was concentrated. The 
product was filtered and washed with edier to give 7 g of 4-phenylamino-2- 
metfa^thiopyrimidine-5-medianol as a slightly colored solid, m.p. 142.2~143.2 
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4-Phenylamino-2-meth^thiopyrimidine-5-methanol (7 g, 28.3 mmol) of 
was stirred in 130 mL of didhloromethane and treated with manganese dioxide (25 
g, 289 mmol). The suspension was stirred for 7 hours and then filtered, and the 
filtrate was evaporated. The residue was tiituated with 1:3 ether/hexanes to give 6.4 
g of 4-phen]damino-2-meth^thiopyrimidine-5-carboxaldehyde as a white solid, 
m.p. 105.6-106.2 

86.4 Preparation of 5'(2'chhrophenyl)amimmethyl'4-phenylafnino-2' 
methylthiopyrimidine 



A mixture of 4-phen^damino-2-meth'^thiopyrimidine-5-carboxaldehyde(6.4 
g, 26.5 mmol), 3 mL of 2-chloroaniline, and 4-toluenesulfonic add (300 mg) in 150 
mL of toluene was heated at reflux with the azeotropic removal of water for 2.5 
hours. The mixture was cooled and filtered to give 6.6 g of solids- To this solid in 
50 mL of tetrahydrofiiran was added 20 mL of Uthium alimiinium hydride solution 
in IM tetrahydrofiiran. After stirring for 1.5 hours 1.2 mL of water, 1.2 mL of 15% 
sodium hydroxide and 3.8 mL of water were added to the mixture. The mixture 
was stirred for 15 minutes and filtered and washed with ethyl acetate. The filtrate 
was trituated with 1:1 ether/hexanes to give 6 g of 5-(2-chlorophen)d)aminomethyl- 
4-phenylaniino-2-methylthiopyiiinidine as a white solid., m.p. 131. 1 - 131.5 ^C. 
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86.5 Pr^aration of3-(2'dthrophenyl)'l'meAyl'7'phenyUhiO'3,4-^ 
pyrimido[4,5'dJpyrimidin-2(lH)'One 




A cooled solution of 5-(2-cUorophenyl)aminometh)d-4-phen)damino-2- 
methyitluopyrimidine (6 g) and 5.2 mL of trieth^amine in 75 mL of 
tetrahydrofuran was added dropwise 8.5 mL of phosgene (20% in toluene) in 35 mL 
oftetrahydrofuian. The mixture was stirred at room temperature ovemig^L 
Additional 3 mL phosgene (20% in toluene) was added to the mixture. After 
stirring fisr 15 Duuiutes die mixture was treated with water and eth^ac^ The 
phases were separated and the organic phase was washed with brine, dried over 
sodium sul£ite, filtered and evaporated. The crude product was purified by colunm 
chromatography using 10:45 edi)d acetate/hexanes as duant to give 2.1 g of 3-(2- 
cUorophen^)-7-methylthio-l-phenyl-3,4-dihydropyrimido[4,5-d]-pyriinidin- 
2(lH)-one as a v^te solid, m.p. 79.5 - 82.4 

86.6 Preparation of3-(2-Ahrophenyl)-7-meAanestdjwty 'phenyU3,4- 
dihydropyrinttdol4»5-d]pyrimidin-2( lH)-ane 




To3-(2-chlorophenyl)-7-methylthio-l-phenyl-3,4-dihydropyrimido- 
[4,5-d]pyriniidin-2(lH)-one (2 g) in 20 mL of tetrahydrofiiran at OX was added a 
solution of 8.1 g of Oxone® in 24 mL of water. The mixture was stirred for 5 hours 
at room temperature, diluted with etfi^ acetate, washed with brine, dried over 
sodium sul&te, filtered, and evaporated to give 2 g of 3-(2-chlorophenyl)-7- 
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metfaanesiilfonyl-l-phenyi-3,4-dihydropy]iinid^ 
185-8-186-3^C 

86.7 Preparation of3'(2'dilorophmyl)'7'meAane$tdfonyl'l 'phenyU3,4- 
dihydropyrifnido[4,5'd]pyriTnidin'2(lH)-one 




A suspension of 3-(2-chlorophenyl)-7-methanesuIfonyl-l-phen)d-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (0.212 g) and l-aniino-4- 
qrdohexanol (0.19 g) in 0.3 mL of l-inethyl-2-pyrrolidinone was heated at lOO^'C 
for 2 hours. The mixture was cooled, treated with 1:2 ether/hexanes, and filtered. 
The residue was purified using 10% methanol in dichloromethane to give 149 mg of 
the tide compound, which was taken up in 10 mL of ethanol. Hydrogen chloride 
gas was buhbled through the solution for 5 minutes, concentrated, and treated with 
methanol and ether. The resulting solids were filtered and washed with ether to give 
1(K) mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(traw-4- 
hydroxycydoh©cylamino)-l-phenyl-3>4-dihydropyrimido[4,5-d]pyriimdin-2(l^ 
one. 

Example 87 
G>mpound4-28 

This example illustrates the preparation of 3-(2-cfalorophen;yl)-7-[lrayi5-4* 
(methanesulfonylamino)qrclohex^aniino]-3,4-dihydropyrimido[4,5'^^ 
2(lH)-one. 

87. J Preparation 7-f tram'4HinnnocydohexyUfmno)'3'i2-<hkn^ - 
[2-(triTneAtyMyl)ethoxymetiiylh3,4-dih^ 
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CI 



X) 



CI 



X) 





To a solution of sulfone 1 1.1 (3.0 g, 8.87 mmol) in 10 mL of l-methyl-2- 
pyrrolidinone was added 60% sodium hydride (390 mg, 9.76 nunol, mineral oil). 
The reaction was stirred for 15 niinutes at room temperature and then 2- 
(trimethylsil)d)ethoxy-methyi chloride {137 mL, 8.87 mmol) was added. The 
reaction was stirred at room temperature for 4 hours. To this solution was tiien 
added 5.06 g of trans- 1,4-dianiino-cydohexane predissolved in 15 mL l-methyi-2- 
pyrrolidinone. The reaction was then warmed to 60X for 24 hours. The reaction 
was poured into brine and the product extracted into ethyl acetate. The combined 
organic extracts were washed with saturated sodium bicarbonate and water, dried 
over magnesium sulfiite, and concentrated in vacuo to give a light brown oiL 
Purification by chromatography using 2% methanol/dicUoromethane to 5% 
methanol/didiloromethane as duant gave 2.8 g of 7-(tran5-4-aminocyclohex^- 
amino)-3-(2-cUorophenyi)-l-[2-{trimethylsilyl)ethoxymethyl)-3,4-d^ 
pyriinido[43^]pyrimidin-2(lH)-one as a pale yeQow foam. (MH* = 502). 

87.2 Preparation 3'(2'dtJorophenyl)-7-[tnmS'4-( methanesulfor^lamino)- 
cydohexylammo J-l-[2-( trimeAyhilyOedwxy^ 
dJpyrimidin-2(lH)'0ne 




CI 
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To a solution of 7-(rrafts-4-ainmocydohexylamino)-3-(2-chlorophen)i)-l- 
[2-(trimeth^il^)ethoxymethyi] -3,4-dihydropyrim 

(500 mg, 1.04 mmol) in 5 mL of didoromethane were added trieth^amine (0.29 
mL, 0.207 mmol) and a solution of methane sulfonic anhydride (0.2 g, 1.14 nmiol) 

5 in 5 mL of didiloromethane. The reaction mixture was stirred at room temperature 
for 24 hours, diluted with ethyl acetate, and washed with aqueous 10% sodium 
bicarbonate. The organic extracts were concentrated in vacuo, and purified by 
chromatography using 2% methanol/dichloromethane to 3% methanol/dichloro- 
methane as duant to give 292 mg of 3-(2-chlorophenyl)-7-[fran5-4-(methane- 

10 sulfonylamino)cydohexjiamino] - 1 - [2-(trimeth)dsilyl)etiioxymeth^] -3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one as a white foam. (MH"*^ = 581) 

87.3 Preparation 3'(2'<hlorophmyl)-7-[tram'4'(methanesulfonylamino)' 
cychhe^Jamino]-3,4'dihydropyrimido[4,5-d]pyrimidin'2(lH)^ 




To a solution of the 3-(2-chlorophenyl)-7- [<ram-4-(methanesulfon^amino)- 
cydohexylamino]-l-[2-(trimeth]4silyl)edioxymetfayl]'3>4-dihydropy^ 
d]pyrimidin-2(lH)-one (290 mg, 03 mmol) in 5 mL methanol was added 4.0 mL 
20 of 10% aqueous hydrochloric add. The reaction mixture was stirred at 40X for 24 
hours, and was concentrated in vacuo. Repeated triturations of tihie colorless oil with 
ethyl acetate gave 3-(2-d]lorophen^)*7-[tnm5-4-(methanesulfon;^amino)cydo- 
hexyiamino]-3,4-dihydro*pyrimido[4,5-d]pyrimidin-2(lH)-one a white solid 
which was collected by vacuum filtration. 



25 
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TABLEl 

7-HydroxfaDq^ainmo- and 7-Hydn>xycydoalkylamino-siibstituted 
l-metfayl-3,4Tdihydropyrimido[4,5-d]pyx^ derivatives 




Cpd 


R' 


mpC*C)or 
MS (Mir) 


Method of 
Prqparation 


1-1 




334 


Example 2 


1-2 


CHg 


348 


£3cainple4 


1-3 


CH3 


348 


Examples 


1-4 




253.8- 
255.0^C 


Example 2 


1-5 




364 


Example 2 


1-6 


OH 


364 


Example 2 


1-7 


H3C. XH3 


362 


Example 2 


1-8 




362 


Example 2 



wo 01/29042 



PCT/EPOO/10088 



147 



Cpd 


R' 


mp CQ or 
MS (NOT) 


Method of 
Preparation 


1-9 


OH 

HgC'^^''"^^^ 


362 


E3Qinple2 




OH 


362 


Example 2 


l-ll 


H3C , 
HO"S^^ 

HO 




JuAoXupiC ^ 


1-12 


Sh 


^OH 


108-130'C 


Examples 




6h OH 


199-204''C; 
378 


Example 3 


1-14 


HaCv^ 

6h ( 


1 

>H 


378 


Examples 


1-15 


HaCv^ 
CH 


3 


376 


Example 2 


1-16 




^OH 


376 


Example 2 
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Cpd 








mpCQor 
MS(Mir) 


Mediodof 
Preparation 


1-17 




388 


Example 3 


1-18 




a; 


390 


Emnple 2 


1-19 


OH 


388 


Example 3 


1-20 




OH 




388 


Example 3 


1-21 


HO 


388 


Example 2 


1-22 


CHs 

HgC^ 

HOv^l 


390 


Example 2 


1-23 


Ha 




^CHg 

>H 


390 


Examples 



The ICso's of compounds 1-1 through 1-23 in the in vitro p38 assay were less 
than 10|iM. 



wo 01/29042 



PCT/EPOO/10088 



149 



TABIE2 

7--Heterocydylamino- and 7-Heterocyd^aIk7lamina-substituted 
3»4-dihydropyii]niclo[4»5-d]py]iinidm-^ derivatives 






Rl 


R3 


R2 


R4 


mp rC) 
MS(MH*) 


Example 


2-1 




CH3 




H 


401 


2 


2-2 




CH, 


2-a 


H 


415 


2 


2^3 




CH3 


2-a 


H 


402 


2 


2-4 




CH, 


2-a 


H 


417 


2 


2-5 




CH3 


2-a 


H 


408 


2 


2-6 


I 


CH5 


2-a 


H 


402 


2 


2-7 




CH, 


2-a 


H 


415 


2 
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Cpd 


Rl 


R3 


R2 


R4 


mpCC) 
MS(MH^) 


Example 


2-8 


cr 


CH^ 


2-CH5 


H 


212.6- 
218.9*'C 


25 


2-9 




CH3 


2-CH3 


H 


253- 
253.9°C 
443 


24 


2-10 


cr 


H 


2-a 


H 


360 


47 


2-n 




CHj 


2-CH3 


H 


410 


52 


2-12 


n 

0 


CHj 


2-CH3 


H 


230.0- 
233.0°C 


32 


2-13 




CHj 


2-CH3 


H 


250-25rC 
397 


27 


2-14 




CH3 


2-CH3 


H 


195-20«**C 
427 


26 


2-15 


1(1 

N 


CH, 


2-CH3 


H 


195- 
208^^ 
406 


28 


2-16 




CH, 


2-CH3 


H 


165-172'*C 
410 


29 


2-17 




CH3 


. 2-a 


H 


412 


33 
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Cpd 


Rl 


R3 


R2 


R4 


mpro 

MS(Mir) 


Example 


2-18 




CH3 


2-CHj 




487 


31 


2-19 


1 

CH3 


H 


2-a 


H 


210.2- 
214.4**C 
458 


57 


2-20 


0CH3 


CH3 


2-CH3 


H 


241.6- 
242-1*0 
347 


30 


2-21 




H 


2.a 


H 


260.6- 
2613X 
455 


55 


2-22 




H 


2-a 


H 


207^- 
207.r*C 


56 


2-23 




H 


2-a 


H 


229.9- 
23Z2X 
430 


58 


2-24 




H 


2-a 


H 


215-219**C 
431 


59 


2-25 




H 


2-a 


CH3 


243.2- 
243./*C 


50 


2-26 




H 


2-a 


H 


416 


52 
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Cpd 


Rl 


R3 


R2 


R4 


nq>(»C) 
MS (MIT) 


Example 


2-27 




H 


2-a 


H 


441 


53 


2-28 


o 


H 


2.a 


H 


431 


68 



The ICso's of compounds 2-1 dirough 2-1 1» 2-13 through 2-24, and 2-28 in 
the mvfrr9p38 assay were less than 10 (iM. 



TABLE 3 

7-Heten>alkylainuio- and 7-Heter€>substitutedcydoalk]da]mno-substituted 
3,4-dihydropyriinido[4,5-d]pyrimidm-2(lH)-one derivatives 



R* 



R3 



Cpd 


Rl 


R3 

Other than H 


R2 


R4 


mpCC) 

MS (MHO 


Example 


3-1 






2-a 


H 


183-235 
375 


2 


3-2 


CH3 


CH5 


2-a 


H 


375 


2 


3-3 






2-01, 


H 


355 


2 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


mpro 

MS (NaT) 


Eacunpk 


3-4 




CHj 


2-a 


H 


361 


2 


3-5 


H 


CH3 


2-a 


H 


375 


3 


3-6 




CH, 


2-a 


H 


387 


2 


3-7 






3-a 


H 


390 


2 


3-8 


OH 


CH, 


2-a 


H 


363 


2 


3-9 


XT 


CH, 


2-CTI, 


H 


368 


21 


3-10 


XT 


CH, 


2.F 


H 


371 


3 


3-11 


H3C CH3 


CH, 


3-a 


H 


362 


2 


3-12 


H,C CH3 


CH, 


2-CH, 


H 


342 


2 


3-13 


HO-X 


CH, 


3-CH, 


H 




2 


3-14 


CH3 


CH, 


3-a 


H 


376 


2 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


mp(*»C) 
MS (MIT) 


Example 


3-15 


HsCv^ 


CH, 


2.CH, 


H 


356 


2 


3-16 


OH 


CH, 


2-F 


H 


372 


3 


3-17 


OH 


CH, 


2-CH3 


H 


368 


3 


3-18 




CH, 


2.F 


H 


372 


3 


3-19 




CH, 


2.CH3 


H 


368 


3 


3-20 




CH, 


2-a 


H 


388 


3 


3-21 


9H3 




2-a 


H 


169.7- 
175.1X 
464 


41 


3-22 








H 


244- 
248X 
417 


40 


3-23 


OH 
CH3 


CHj 


2-0^x13 


TT 
II 


1 to fi 
121.8**C 
358 


00 
zz 


3-24 


cr 


CH, 


2-a 


H 


387 


3 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


mpCC) 
MS(Mir) 


Example 


3-25 


& 




2-a 


H 


387 


3 


3-26 




1 

S 


2-a 


H 


471 


37 


3-27 






2-a 


H 


473 


38 


3-28 






2-a 


H 


203.1- 
204.1«C 


6 


3-29 


XT 




2-a 


H 


448 


60 


3-30 


XT 




2-a 


H 


445 


39 




XT 


H3C CH3 


2-a 


}l 


487 


61 




X)" 


1 

CH3 




u 
i± 






3-33 


H3C CH3 


CH3 


2-ai3 


H 


372 


23 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


MS(MH^) 


Example 


3-34 


OH 

OH 


CH, 


2-a 


H 




3 


3-35 




1 


2-a 


H 


471 


62 






CH, 




u 

jn 


417 


62 


3-37 




LI 


2-a 


H 


431 


43 


3-38 




CH, 


2-a 


CH, 


416 


14 


3-39 




CH, 


2-a 


H 


402 


14 


3-40 


<pHa 

C°XT" 


CH, 


2-a 


H 


446 


15 


3-41 


iXT 


CH, 


2-a 


H 


430 


16 


3-42 


HaC^tX^oX^ 


CH, 


2-a 


H 


428 


13 


3-43 


C^OH 


CH, 


2-a 


H 


203.7- 
207.8**C 
402 


7 
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Cpd 


Rl 


R3 

OthcrthanH 


R2 


R4 


mp(*C) 
MS (Mir ) 


Example 


3-44 


OH 


CH, 


2-a 


H 


462 


17 


3-45 


^0 


CH, 


2-a 


H 


164.1- 
168.1*»C 
430 


8 


3-46 




CH, 


2-a 


H 


233.4- 
2363**C 
386 


10 


3-47 


CH3 


CH3 


2-a 


H 


1483- 
263.rC 
488 


9 


3-48 






2-a 


H 


218.5- 
221X 
464 


81 


3-49 






2-a 


H 


212- 
215^C 
446 


83 


3-50 




CH, 


2-a 


H 


181.0- 
225.0X 
401 


11 


3-52 




6 


2-a 


H 


277.6- 
279.1^0 


86 


3-53 


X)" 


«>X/ 


2-a 


H 


230- 
240**C 

432 


84 
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Rl 


R3 

Other dianH 


R2 


R4 


mpC'C) 
MS (MIT) 


ExampU 


3-54 




CHj 


2-a 


H 


>300.**C 
456 


12 


3-55 






2-a 


H 


130.8*'C 
413 


82 


3-56 






2-a 


H 


96.6- 
122.8**C 
418 


85 


3-57 


y 1 J 

' 0 


CH, 


2-a 


H 


263.3- 
264.4**C 


19 


3-58 




CHj 


2-a 


H 


221.8- 
225**C 


20 


3-59 




CH, 


2-a 


H 


247- 
255**C 


18 


3-60 






2-a 


H 


130- 
133.5*C 
456 


42 



Hie ICmS of compounds 3-1, 3-3, 3-5 through 3-10, 3-12, 3-14 Arough 
3-23, 3-27 tiu-ough 3-36, 3-38, 3-39, 3-41 tiirough 3-58, and 3-60 in tiie m vitro p38 
assay were less than 10 ^M. 

5 
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TABLE 4 

7-Heteroalk)iainmo- and J-Heterosubstimtedcycloalkjdammo-su^ 
3,4-(Uhydzopyrimido[4,5-d]p7riinidin*2(lH^ derii^ves 



Cpd 


Rl 


R2 


R4 


MS (NOT) 


Example 


4-1 




2-a 


H 




44 


4-2 


HO 


2-a 


H 


193.7- 
1943X 
375 


73 


4-3 


CH, 


2-a 


H 


170-185.5'C 


80 


4-4 


CH3 


2- 

CH3 


H 


161-172**C 
344 


63 


4-5 




2- 

CHj 


H 


214.0- 
217.5^C 


74 


4-6 


OH 
CH3 


2-a 


H 


123-129"C 
364 


45 


4-7 


H3C 


2-a 


H 


348 


4 
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Cpd 


Rl 


R2 


R4 


MS(Mir) . 


Example 


4-S 




2-a 


H 


167-178.5**C 
373 


46 


4-9 




2-a 


H 


396 


3 


4-10 


CH3 


2-a 


H 


334 


4 


4-11 




2-a 


H 


— 


3 


4-12 


OH 


2-a 


H 


177.4- 
184.5*0 


3 


4-13 




2-a 


H 


>300*C 
416 


76 


4-14 




2-a 


H 


249.9- 
250.1X 
374 


48 


4-15 




2-a 


H 


>300**C 
402 


75 


4-16 




2-a 


H 


241.8- 
242.4°C 
387 


49 


4-17 




2-a 


H 


208.3- 
217.9**C 
388 


54 
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Rl 


112 


R4 


mprC) 
MS(Mir) 


Example 


4-18 




2<3 


H 


271.1-272°C 


51 


4-19 


HO^ ^ 


2^ 


H 


shrinks 
171**C 

bubbles 
ISl^C 
388 


67 


4-20 




2-a 


H 


>260*C 
432 


77 


4-21 




2-a 


H 


267-267.6**C 
417 


78 


4-22 


H 


2-a 


H 


269-271*'C 
431 


79 


4-23 




2-a 


H 


204.0- 
210.0«*C 


72 


4-24 




2-a 


H 


173.6- 
189.r*C 
416 


71 








n 


>300®C 
373 


oy 


4-26 




2-a 


H 


235.5-23r*C 
373 


70 
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Cpd 


Rl 


R2 


R4 


mprC) 
MSCMHT) 


Example 


4-27 


CH3 


2-a 


H 


334 


4 


4-28 




2-a 


H 


292.8- 
293.2X 
451 


87 



The ICso's of compounds 4-1 throu^ 4-8, 4-10 through 4-28 in the in vitro 
p38 assay were less than 10 |iM 



RYampleBB 

In vitro p38 MAP kinase inhibition assay 

This example illustrates a p38 (MAP) kinase in vitro assay useful for 
evaluating the compounds of the present invention. 

The p-38 MAP kinase inhibitory activity of compounds of diis invention in 
vitro was determined by measurii^ the transfer of tfie y-phosphate from y-^^P-ATP 
by p-38 kinase to Mydin Basic Protein (MBP), using a minor modification of the 
method described in Ahn, et oL. /. BioL Chem, 266:4220-4227 (1991). 

The phosphorylated form of die recombinant p38 MAP kinase was co- 
e3q>ressed with SEK-1 and MEKK in E. Coli (see, Khokhlatchev, et oL, J. BioL Chem. 
272:11057-11062 (1997)) and then purified by afiSnity chromatography using a 
Nickd column. 

The phosphor^ated p38 MAP kinase was diluted in kinase buffer (20 mM 3- 
(N-morpholino)propane5ulfonic add, pH 7.2, 25 mM p-gtycerol phosphate, 5 mM 
ethylene ^ycol-bis(beta-aminoeth^ e&er)-N,N,N*,N'-tetraacetic add, 1 mM 
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sodium ortfao-vanadate, 1 mM dithiotfardtol, 40 mM magnesium chloride). Test 
compound dissolved in DMSO or only DMSO (control) was added and die samples 
were incubated for 10 min at 30^. The kinase reaction was initiated by the 
addition of a substrate cocktail containing MBP and Y-^^P-ATP. After incubating 
for an additional 20 min at 30^C, tiie reaction was terminated by adding 0.75% 
phosphoric add The phosphor^dated MBP was then separated from the residual y- 

33p.ATP using a phosphocellulose membrane (Millipore, Bedfrod, MA) and 
quantitated using a scintillation counter (Packard* Meriden» CT). 

Example 89 

In vitro TNF-a ^nhiKirinTi acoay 

This e3cample illustrates an in vitro assay to evaluate the inhibition of LPS* 
induced TNF-a production in THPl cells. 

The ability of the compounds of this invention to inhibit the TNF-a rdease 
was determined using a minor modification of the methods described in Blifdd, et 
aL Transplantation, 5VA9&'503 (1991). 

(a) Induction of TNF biosynthesis: 

THP-1 cdls were suspended in culture medium [RPMI (Gibco-BRL, 
Gailthersburg, MD) containing 15% fetal bovine sermn, 0.02 mM 2-mercapto- 
ethanol], at a concentration of 2.5 x 10^ cdls/mL and then plated in 96 well plate 
(0.2 mL aliquots in each well). Test compounds were dissolved in DMSO and then 
diluted with the culture medium such that the final DMSO concentration was 5%. 
Twenty five aliquots of test solution or only medium with DMSO (control) were 
added to each weU. The cdls were incubated for 30 min.> at 37 ^C. LPS (Sigma, St 
Louis» MO) was added to the wells at a final concentration of 0.5 )Xg/mL, and cells 
were incubated for an additional 2 h. At the end of the incubation period, culture 
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supernatants were collected and the amount of TNF-a present was determined 
using an ELISA assay as described bdow. 

(b) PTJj;A Acjsay! 

5 The amount of human TNF-a present was determined by a specific trapping 

EUSA assay using two anti-TNF-a antibodies (2TNF-H12 and 2TNF-H34) 
described in Reimund, I. M., et al. GUT. Vol 39(5), 684-689 (1996), 

Polystyrene 96-weIl plates were coated with 50 ^1 per weO of antibody 
10 2TNF-HI2 in PBS ( 10 Hg/mL) and incubated in a humidified chamber at 4 

overnight The plates were washed with PBS and then blocked with 5% nonfat-dry 
milk in PBS for 1 hour at room temperature and washed with 0.1% BSA (bovine 
serum albumin) in PBS. 

15 TNF standards were prepared fiom a stock solution of human recombinant 

TNF-a {R&D Systems, Minneapolis, MN). The concentration of the standards in 
the assay began at 10 ng/mL followed by 6 half log serial dilutions. 

Twenty five jiL aliquots of the above culture supernatants or TNF standards 
20 or only medium (control) were mixed with .25 (iL aliquots of biotinyiated 

monodonal antibody 2TNF-H34 (2 Mg/mL in PBS containing 0.1% BSA) and then 
added to each wdL The samples were incubated for 2 hr at room temperature with 
gentle shaking and then washed 3 times with 0.1% BSA in PBS. 50 pi of peroxidase- 

streptavidin (Zymed, S. San Francisco, CA) solution containing 0.416 Mg/^ of 
25 peroxidase-streptavidin and 0.1% BSA in PBS was added to each wdL The samples 
were incubated for an additional 1 hr at room temperature and dien washed 4 times 
with 0.1% BSA in PBS. Fifty |iL of 0-phen^enediamine solution (1 |ig/mL O- 
phenylene-diamine and 0.03 % hydrogen peroxide in 0.2M citrate buffer pH 4.5) 
was added to eadi well and the samples were incubated in the dark for 30 min., at . 
30 room temperature. Optical density of the sample and die reference were read at 450 
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nm and 650 nm, respectively. TNF-a levds were determined from a graph relating 
Ae optical density at 450 nm to die concentration used. 

The IC50 value was defined as the concentration of the test compound 
corresponding to half-maximal reduction in 450 nm absorbance. 

F«tmple9Q 

This example illustrates an in vivo assay to evaluate the inhibition of UPS- 
induced TNF-a production in mice (or rats). 

The ability of die compounds of this invention to inhibit the TNF-a release, 
in vivo, was determined using a minor modification of die methods described in 
described in Zanetd, et oL, /. ImmunoU 148:1890 (1992) and Sekut, et ol, /. Lab. 
CUn. Med., 124:813 (1994). 

Female BALB/c mice weighing 18-21 grams (Charles River, HoUister, CA) 
were acclimated for one week. Groups containing 8 mice each were dosed orally 
either with the test compounds suspended or dissolved in an aqueous vehide 
containing 0.9% sodium chloride, 0.5% sodium carboxymethyl-cellulose, 0.4% 
polysorbate 80, 0.9% benz^ alcohol (CMC vehide) or only vehide (control group). 
After 30 min., the mice were injected intn^eritoneally witii 20 |ig of LPS (Sigma, St 
Louis, MO). After 1.5 h, flie mice were sacrificed by CO2 inhalation and blood was 
harvested by cardiocenteds. Blood was darified by centrifugation at 15,600 X g for 
5 min., and sera were transferred to dean tubes and firozen at -20^C until analyzed 
for TNF-a by ELISA assay (Biosource International, Camarillo, CA) following the 
manu£Kturer's protocol 

It is understood that the examples and embodiments described 
herein are for illustrative purposes only and that various modifications or changes 
in Ught hereof will be su^ested to persons skilled in the art and are to be induded 
within die spirit and purview of this application and scope of the appended daims. 
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Qaims 



1. A compound selected fix>m the group of compounds represented by 



wherein 

die subsoiptn is an int^er of from 0 to 3; 

is ac^> heteroalkyi, optionally substituted ar]r&ieteroalkyl» heteroaDcen^, 



heteroaUc]rnyl, heteroaDc^caxbon^, heterosubstituted cydoalkyl, 
heterosubstituted cydoalkylalkyl, heterosubstituted cydoalkyl- 
alken^> heterosubstituted cydoaIkylaIlcyiiyi> heteroalk^ubstituted 
cydoalkyl, optionally substituted heterocydyl, optionally substituted 
heterocyd^alk^, optionally substituted heterocydyi spiro cydoalkjd, 
-(alkylcne)-C(0)-R" or -{heteroalkj^ene)-C(0)-R"; 



R^^ is alk^, haloalkyly amino, monosubstituted amino, disubstituted amino, 
optionally substituted cydoalkyl, optionally substituted cydoalkyl- 
alkyl, optionally substituted ar^, optionally substituted aiallqd» 
optionally substituted heteroar^, optionally substituted 
heteroaralkyi, hydroxy, or alkoxy; 

R^ is each independently in each occurrence alk)i, halo, heteroallqd or vinjd; 

R^ is hydrogen, alkyl, heteToalk)d, optionally substituted arjd, optionally 
substituted aralk^, optionally substituted heteroaryi, optionally 
substituted heteroaralkyi, optionally substituted cydoalkyl, 
cydoalkenyl, optionally substituted cydoalkylalkyl, haloalkyl, 
cyanoalkyl, heterosubstituted cydoalkyl, heterosubstituted 
cydoalkylalkyl, heteroalkjdsubstituted cydoalkyl, optionally 



formula I: 




I 

R3 



R1 



(D 



wherein: 
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substituted heteroqrd^» optionally substituted heterocyd^alk^, 
-(alkyiene)-C(0)R^^ or -(heteroaIkyienc)-C(0)R'*; 
wherein: 

R^' is alkyl, haloalkyl, hydroxy* alkoxy» amino, monsubstituted 
amino, disubstituted amino, optionaUy substituted cydoalkyI» 
optionally substituted qrdoalkydalkyi, optionally substituted aryl, 
optionally substituted aralk^, optionally substituted heteroar]^, or 
optionally substituted heteroaraOcyd; and 
R* is hydrogen, alkyd, or -(alkydene)-CXDR^*; 

and an individual isomer, a racemic or nonracemic mixture of isomers, or a 

pharmaceutically acceptable salt thereof 

2. A compound according to daim 1, wherein R^ is acyl, heteroaDc^, 
optionally substituted arylheteroalkyl, heteroalkenyd, heteroalkynyl, heteroalkyi- 
carbon^, heterosubstituted cydoalkyl, heterosubstituted cydoaUqdaHcyl, 
heterosubstituted cydoalk^alkenyl, heterosubstituted cydoalk^alkyn^, 
heteroalkylsubstituted cydoalk^, optionally substituted heterocydyd, optionaUy 
substituted heterocyd)da]k)d, optionally substituted heterocydyl spiro cydoalkyl, 
-(allcylene)-C(0)-R" or -(heteroalkylene)-C(0)-R*\ wherein: 

R^^ is alkyl, haloalk^ amino, monosubstituted anuno, disubstituted amino, 
optionally substituted cydoaQcyi, optionally substituted cydoalkylalkyl, ai^, 
optionally substituted aralkyl, optionally substituted heteroaryl, optionaUy 
substituted heteroaralkyl, hydroxy, or alkoxy. 

3. A compound in accordance with Qaim 1 or Claim 2, wherein R* is 
hydrogen. 

4. A compound in accordance with Qaim lor Qaim 2, herein n is an 
integer of from 1 to 2, and eadi R^ is independendy halo or alk^. 

5. A compound in accordance with Qaim 4, wherein -(R^)n rqiresents 
2-halo or 2,6-dihalo. 
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6. A compound in accordance with Qaim 4, wherein -(R^)ii represents 
2-meth^. 

7. A compound in accordance widi Qaim 1 or Gaim 2, wherein is 
hydrogen> alk^, haloalkyl> or heteroalkyl. 

8. A compound in accordance with Qaim 7, wherein is hydrogen, 
alk^ or heteroalkyL 

9. A compound in accordance with Qaim 7 or Qaim 8, wherein R^ is 
hydrogen or methyl. 

10- A compoimd in accordance with Qaim 7, wherein R^ is 
trifluoroethyL 

11. A compound in accordance with Qaim 7 or Qaim 8, wherein R^ is 
heteroalk^ 

12. A compound in accordance with Qaim 1 or Qaim 2> wherein R^ is 
heteroalkyl, optionally substituted arjdheteroalkyl, heterosubstituted cydoalkyl, 
heterosttbstituted cydoaUqdalkyl, heteroallqdsubstituted cydoaUcyi, optionally 
substituted heterocydyl, or optionally substituted heterocyd)dalkyi. 

13. A compound in accordance widi Qaim 12, wherein R^ is optionally 
substituted heteroalk^. 

14. A compound in accordance with Qaim 13, \^erein R^ is 
hydroxyalkyL 

15. A compound in accordance with Qaim 14, vdierein R^ is halo or 
meth^, R^ is methyl and n is 1 or 2. 
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16. A compound in accordance with Claim 12, vdierdn is 
heterosubstituted cydodSkyL 

17. A compound in accordance vnth Gaim 16, wherein is halo or 
meth^, R^ is methyl and n is 1 or 2. 

18 A compound in accordance with Claim 17 wherein is 
hydroxycydoalkjd. 

19. A compoimd in accordance with Claim 12, wherein B} is optionally 
substituted heterocydyl or optionally substituted heterocydylalkyl. 

20. A compoimd in accordance with Claim 19, wherein R^ is halo or 
methyl, R^ is meth;^ or hydrogen and n is 1 or 2. 

21. A compound in accordance with Claim 18, wherein R^ is halo or 
methyl, R' is heteroalkyl and n is 1 or 2. 

22. A compound according to Claim 1 which is 
3-(2-chlorophen;^)-7-(frans-4-hydroxycydohex^amino)-3,4- 

dihydropyrimido[4>5-d]pyrimidin-2( lH)-one, 
and phamiaceuticany acceptable salts thereof 

23. A compound according to Claim 1 sdected from 
3-(2-cUoiophen^)-7-(t€lTahydropyran-4-^amino)-3,4-dihydropyrin^ 

dlpyrimidin-2( lH)-one> 

7.[l.(2-hydroxyethyl)-piperidin-4-ylaniino]-l-meth^-3-ortAo-tolyl*3,^ 

dihydropyrimido[4,5-d]pyrimidin-2( lH)-one, 

3-(2-cUorophen^)-7-[(mim-4-me&oxycydohexyi)methyiamino]-l'methyl- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one, and 

3-(2-chlorophenyl)-7-(4-oxo-cydohexylamino)-l-methyi-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one; 
and pharmaceutically accq)table salts thereof. 
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24. A method for the preparation of a compound of formula (I) 
according to Qaim 1, wherein R^-R^ are as defined in Qaim 1, said method 
comprising: 

(a) treating a compound of formula II 

rx 




(H) 

herein n, R^ and R^ have the meanings provided in daim 1, with 
the proviso that any interfering reactive group present is optionaUy in protected 
form, and L is a leaving group, 

with an amine of formula m 

R^R^-NH (III) 

wherein R^ and R* have the meaning provided in daim 1, with the 
proviso that any interfering reactive group present is optionally in protected form, 
and where required, deprotecting any protected group present in the reaction 
product, 

and, where desired, optionally converting the compound into a pharmaceutically 
acceptable salt 

25. A method for the preparation of a compound of formula (I) 
according to Gaim 1, wherein R^-R^ are as defined in Qaim 1, said mediod 
comprising: 

(a) treating a compound of formula IV 



(IV) 



wo 01/29042 



PCT/EPOO/10088 



171 

wherein X is halo, R is alkyl» and and R^ have the meaning 
provided in Claim 1, in the presence of a base to afford a compound of 
formula V 




(b) treating a compound of formula V with an oxidizing agent 
followed by an amine of die formula R^R'^NH (\^erein and R^ and R^ have 
the meaning provided in Qaim 1) to afiford a compound of formula (I), 

and» where desired, optionally converting the compound into a pharmaceutically 

acceptable salt 

26. A compound accordii^ to any one of claims 1-23 for use as 
medicaments. 

27. A pharmaceutical composition comprising a compound of any one 
of Qaims 1-23, or an isomer, racemic or non-racemic mixture of isomers, or a 
pharmaceutically acceptable salt thereof, in admixture with at least one pharma- 
ceutically acceptable carrier. 

28. A compound according to any one of claims 1-23 for use in the 
treatment of arthritis, Crohn's disease, irritable bowd syndrome, adult respiratory 
distress syndrome, chronic obstructive pulmonary disease, osteoporosis, or 
Alzheimer^s disease. 

29. The use of a compound according to any one of claims 1-23 in the 
treatment of arthritis, Crohn*s disease, irritable bowd syndrome, adult respiratory 
distress syndrome, chronic obstructive pulmonary disease, osteoporosis, or 
Alzheimer's disease. 
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30. A process for iht preparation of a medicament vdiicfa comprises 
bringing a compound according to any one of daims 1-23 or a pharmaceutically 
acceptable salt thereof into a galenical administration form together with a 
compatible pharmaceutical carrier. 

31. The use of a compound according to any one of claims 1-23 in the 
preparation of a medicament for the treatment of arthritis, Crohn's disease, irritable 
boivd syndrome, adult respiratory distress syndrome, chronic obstructive 
pulmonary disease, osteoporosis, or Alzheimer's disease. 

32. A compound according to any one of daims 1-23 whenever prepared 
according to a process of daim 24 or daim 25. 

33. The new compounds, intermediates, processes and pharmaceutical 
compositions as described hereinbefore. 
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